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. - JC •-'■ JOU jl jiSLj J jiaj AjA jj i Tin i j ■ ik ^‘ l «/*' ' J ^5 ^ 
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■ -V 4 ,i j£.liLi ^ -X |i Jkiji'i j jln"i 1 
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ajiUli 
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a4 
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• JtUiJ' Jlhi xj -^Vcuuu *£='S* cui> ui£= . oilcUidi 4*iux,n y&x/Ji 4 

Jtv * , 4vi *, Jtua tv J* ' catalyseur ^.Ui * 

. t'V 1 »iib >«j) . Jcua Jc lo^V > catalyse UaL.)l » 


<.. »>- .. I I^L.jll/l 

■ f g JW jl d) Mil- >1 W »A- l«li> U) ;jl“» ^ $ cUtUill, !=,-,» l*j o^, 
-jjWlj-ii jjS** : #■ <U-VI 11 

u. J J!t v -.»»05!vi«*ij : Vs>T <*- J» 13 


(5^^111) CT^ > Jli^LJI^V)lu« ( Ov 0 Jaj>,.(al»»i J£=> J r r .l-.> a ,^. .IU-!. 



j-ia in M U»J 



1 Mtffc 





/ dx 

r ,)s v~a 


f i. j Jcliiil * j ^ jU' 

, bJftlL JiUOJ ae jiJl * 


jJbL JtUili ;«*>■ ^ 

. ^i."- * 1 iA~l!; i ■y-^-^ M J[ ^ J — ji ~~~ l ^ ^ 

dti 

^ ~/j »u r' xfA pnaiHoW f ^ l*ii —j^ 

dX _ Jfy ~ Jj 
£l/l ^ j — f| 


: ijj-S 




. f wjtf/.L j v i.i> j 'jfr (s)^^L pjy ' 0^> ^ * 

.fimj/X f .mm *) ^v (min ) iiM r 

. (moLL ! Jr* ' ) 

i'xfrrt 

, v J 

4. v( t } = ’ “wSj 0 1 O 1 ** * 

Jj f 

x(t) 

>x(t ~f~ 

MO^-ox 

at 



kA jsJl ,>tjdl 

I ^ JtliHl 5u. >-» Jl* 1 J*l! ■ 

jr l-H ,J**bJ l . ^ ^j - 1 


£4gVj &^sV» 

.<■■ ^ L>- j! JtUlj &-? I 1 jij JijI'' i j£- l -ijJ | J f & ) ■■ . ■■II iT j -Xmip i^Ll " 

Jt'iii iJ fjij J^3l Jtliihj ( e Jiiu • 

(ne Ste. 3 i(le )Jpz* jtiis - 

. (Or, / Hedy ) ^ J! ( Ox, / /ft rf , ) 


id** Jtlij jj& <*-' j J 

M 

jji ji] / J aj£ jji]i MJtJi jt.^ $ ;^3UIL / 1 

. jl } ^^ jjili JUii-i J! bJi[*5 ,>** ■ Ch ip-j tit - ^ 



cr^AJXJ 


Unr 


, f a", fflr \ m«/ J j j-tiu j ^ui*JJ Vl jih a-J ji' *Jl4Ui A, 

. ^ mol. m i )-t J^Uii jji>- J 

jt- .-. [c7 = ^cfj i J jLmD O 

j I * - ,-i-\ 

^ x (t ) j>ioj j-jJi 2^3^ aJU5i $ i^uuu y s»jsJi ^ : - * /x 





j, 


/ J ^ = f|ff 7 ‘j C iljliU Jjji-J JAi ij?" 1 1 >* 


fi T 

PfO) = — - t =0 

/f r 

P(i)=ti(t)—^r tJ aiisJji^j 

n^f j = /f t> ^ jef / / fwan ^ ilu jfr^ui ff ^ J JW 







(Ag ; nl + **W+ W,, + a; m ,) -> (*g’.cri.,*(N4 t .,+NO- Mm ,) 


2l^) = l„ m ,*2e 

S,0,‘ +2e =2SOj v , 

21,^, + Sfi^, = /,+ S/V»; + 2so «^i 


ak)\ OW) oj©V> oj)W) 



,>. ^ jjc ,) ivjLi. J Ji«a , »>.Sfi ^iMcUi i*.*J (•*•* A 

.uLLia^u-j^iA^^i t*A)j CH,-COOH JjWf 

j ib*5i)f /«&? ji r 1861 <^u 4i j>s-i »?->• j*u»oi 

v a*^ ^ o* u> %S5 




<>*»» V>»» JJ 1 
• Jj /os^jsJ*^ jjl»«iUEa»ill 



H,0 ll ^ l + 2H; ofl +2e = 2H 1 0„, , 33,0,/ H ,014V*. 

2I; m) + H 2 0»^, + 2H,-", = I„ ml + 2H,0„, 



A/ilaiJl aWi / = 300s iWli . 
■[!>]= f(0 vPh*^** 
i»u £=, Wa» 

•J*UUJ£U>,J 5 ~». 
XX*i).T B) /< jUUii j— ^ • 


m;- 

w.j 


^ = /00s 

[//,/, = 2.5mmol.l:‘ 

U,=650s 

\[l,], = 7.3mmol.L-' 


r- Pili-Pih 7.3-2.S 


( t> ww3 iw>»J) 4 OJjaiil 

JJIJ4J Jib- J. j*» ^aa J,w. j£Ua jjui ji aJ* JNs- 

J*. »*v» J Oj~l ■an J»i o* *A>» iva- J ( 1 Uw>J» 

S,Oi ‘>1 Jib- JcUi 



UWP 







ijiW) feiMW vip ;ua)\ iiW J^ixio wob- toAfti 


|7AJi» au» 

2 t (mt m, nm>+ 2e ' 
S 1 (%„,+ 2 e = 2 SO > «\' l I 
2 /,„, + S.O^, = l tlm , + 

C2; itoMKiill ibU. A, 

I„ m) * 2 e- = 2 i; m , 
2 S,Oj = S, 0 1 t< \ 4 l + 2 e 
Iw+ 2 S 1 0 ’-- 2 l,„ t +S 4 <t ml I 
-O'J^ J! >•■** Ojl» C*>» .)) /i •>*» ^ •>*“* •**»$» >♦“* 0/2 I 

•< /("ajlf /»««l 'J*“ n 

v* j Oil JA* £#>“ *»“*•<*» J*»a Jj>M j* oslj»s» aw AA* 6 /i I 

J^bl4i! L W2iu^i> 

f'sjCwjnrWoviHH.ji/v I 

»i< 7 „) H(S,&,~ ) n(l ) »<S 4 Oj ) 


-I ,o* n^Of ^C.x^.jSJ 

[I,]# 1 ’**-*****. 


C, h , =11, 1 ■#> hn*>j>)> C„„ oO 
o/.r' .os = nr‘ la v lh , = /om/ jia 


Oj>a Ii«i i^Uiii sj-fc* uju. /l / 1 

+S 1 Oj JSiuli /jjjA^iui j,i*. ^uw,, 

.(S,&,)^h^c.\ja »bu.va 6 a 
,>)>* A,*. j jiui i = Os a<iu** u«j $ ,2 

< K;„ > + lj m) ) t J* JV" o* 1 00ml 

O* /00m/ IfcH-ii-o.C, = 0,4mol.L‘ 

jol> jv^Uj^i.C; = O.OJtfmo/.i"' 

S t»i A 1 JjA- /I 

5^)11 a* o* /0,0m/ Jb-lj l= 3 min iUI ,) A* 
JcUii -a 100ml 
...j /, J|JOl»5lb>W^»Jfij31i S,OiiI 

■ S Af J /,„ , OS' J*Udl 'ib JW /£ 

C,„ sO.O/mo/.r^^^fvj^JUt^viiJj^t^^^^ 

F~ Jc J-bO ^SJ, 11,1 ** * £“ >-! ojl J* J— a 

Ui.} i*>* i>J 5<»»a ilpUc J~l,i jllsai il^kip jjjll JLic ipiU. 

oic UUi Ojfeu oji 

1=5.9.12.16.20,3040,60,80 min 









u» ('* / |iipl_»ii1U)l jijx, • 


■ l .,«, + 2 S l 0 >w= l 2 , <m> +S 4 0 H* ■ Jj-ilEJuiU^JtUajpw 

S /JcliJij ./Jtlilluiajv j>»i 
v iii»o*Jj!A Jcua ju>u i jVJ j 

KE)C(#jft/jj»i»o* Jtubnft/ow**ilt 

[r],[S 4 o;-] [I,]-j*.jh&.A 

i am* [!, ] jJi Jjj» iui /i /5 
[hi = f(') /v 

t= 20 minU*jM$ I, 

■ S&/ ) / Ji. 


jsi siljilij aciiUi -tp*s J>bb 0 j>: lSia.^11 



V(lj) = 3 10 ** 2,76 

\V(I } ) = 2,S.I0~'ntolJ.'.min''\ 

VfSfi, 1 ) V(l,) yg ) V(S,O t ! ) 
2 ~ I 2 ~ I 


[tYSjQf )= 2,8.10 ‘mol.L 1 m in '[ 

V(S 2 Oj~) = V(r ) = 2V(1, ) = 5,6.10 ‘mol.L ' mm ' 

((ul^ldl o-Ufl &)±> i> JgUi I9tu dwlja) 5 fejuJI 


oV)* i*, ( II. Oy >ua| A i»w jtUi ji 

. \(CH,),Ca,' t , + 2H,O l „=(CH,) J COH^ l + H < \ MII + Cl l ^,\ ,y w» 

a<*i) OS'aM'I a o-W iij* o* U* jihi iUjj J! 

QJ ~ i ^ .U ^ g^> ^yt JJUrf y»i« t> A .* < .'. ISOmllrn— ■ 

jjj.jeiuin, 




) | 0,246 | I 


I 720 I /50 I 200 I 


0.502 | 0.577 | 0.027 | 0,000 | 0. 700 | 


Sgii-.-.uju . <ui^4 /v 

JcUsli fjja Jjj» >11 /2 
£0&>jx)cuau x(t ) f uia iokjv ct i*c jUu^uu ij> giiiJ /V3 
M ,>»*<*» »•*>/* 
. X(l ) yil** Sf >ill <*-/ A 

I - 50s iW»ui j jtuui it ...... >1 /5 




^ OW <uo\> cu)Vw 


Cl ] = n a u*-)[H‘ ] = -£-& 

[cn=[H' 7 -^ •»„ =^5 v =i £^ 


x(l)=x,=n 0 . 




V = 10- 4 m‘ 4 y = 100x1 


i £<>>•> 


x*2.347.l<r , .cr(mol) 

\x"2,347o(mmol)\ ,(mmol) 

, iu*i | 

) 0 30 60 80 100 120 ISO 200 

n’) 0 0.577 0,967 1,18 1,35 1,47 1.62 1.78 





I X, .^jU JjUl iucjil, ijJu, 


.^LUU i*3jU ^JJUJ , ,}, 


= = 76mL ' 

m n.o~ P h,o*V „. 0 

Ph,o ~ !g ">i;' .uu^^oJiiBOioSi 
\ m H,o =lx76 = 76g\ 

^iUO^Yl (ijUl cUi aj c 

m - = — = 4 2mol 


.‘ijljV .U 1 o! ■ J jU M»™ »» M 


JtlijllibUu 

(CH 1 ),CCI l „ ) + 2H 1 0 (ll 

, = (CH,),COH, 


,+ci, ; m) 

UaJi 

n 0 

0 mol 

Omol 

Omol 

Slip'll <UJI 

no -x, W <> 

x(l) 

x (t) 

xfl) 


no -Xf = 0 

Xmni* f 

Xf 

Xf 


n„-x r =0 . u*^»j QJ oVcUili ^ ^.(CHpiCCt o 1 


jtfjia jjsjj Jji~u /> /3 

<r = Y.*Jx, ]=*■„■ fH']+*a [<T] (*) 


{ QJjrf » 6 (jijaJJI 

. CH 3 COOCj ju»i ( '* N .^°- *'****- 1 

j >^-.1 . - .<H ,_ri La A 

5 ^ ^ /V 

jiiij ^w. f jVo^ , + ^ jj— * j ji»* s 

i kijUlL^ j 

|ctf 3 CO0C, + *<„> + *«Va,j = Na ’ * al ! CO ° ~ + C} l!f OH 

J _ a J3 UI J*~ *» jit, $ J»L» J! I W#> ^i^'- 1 = 0 j ““>i> 

._.,! ..-■ iuivvm E'Ji* J® Jl“ uA) K « =101)1) mL ut> &l> J* 

.Cj - iOmtni’lL jjLj) 
JjOS- L>ijl ^ A" f / j 1^1 

a_ J LMiU J ..Lx* jtp>. «LhJ£i Gff J SvJiUl 4-L*M d*U» ^ 

^jia 4^>li a V 11 ^ 1 U*^ ^ J^ 1 ^' ^ ^ A 

$ jl 

a i-^S AjIsUJ'j V 41 ^' jW ^ 6’f 0 ^ /^i 

\:h,co 0 - i X uo 

, J? j ar jtijUJL^Vit jjjsi £* G(t) -~( <xX (t) + &) H -^ s * Li1 0 *^^** 




i&ui^G/O) -Os 

,/—>*■ itlenU^^ 

Gfr; 


■yrr; = 


y f / ^ flj.Ud\ t>“j /v4 


GW -Gf ®J 

-ArrM=c„K p fyW-yW tfifr 

■ ^HUi jjt Jnaaki AT ililiw* OUaaJ ^ Oft ) 

ffwinj 0 5 9 13 20 *> 

j7r> M60 M« /707 0,923 0,560 

**,i .iijtji oUoaJj' 4> X (t ) f^S) ij*- o&+? <y djl c>^ 

.^r^ow 


jael V dW) )q)ai) ojo^>- 




/ =i $0 \ aJas^Ui JcUi 1 - iif ^... . t — /5 
1 / = 50s ' +< i I <y '± ilaiill ^■‘Vill 

j g -^ L8-0J5 
h-*A 125-7 

t _ ^ X mii ^.U*s* /t,/6 

(OithCCl ^ A J£UU1^ ^ os-j 

■ ' ■_' '■ j* JjjJl J.gjiw j-j j 



n„ 


x ,=0 . 


Jf/=^ 


= w rt . = 2 .HT* mot 


•Qjt 


Jf. 


jr = - 


Jk™ 


= hnmot ^i jf = / x 10 mol <, i 


2*10 


-i 


& 






G(t) = xC » + , W xC ° ~ Xho * v„ +A ' 

|gft> - * +nff^ V -'w] 


fV - y> Af CO +CjlV^jW 


|cw =^(c*(o +/>)| jcj-cy^ 

P = C„V„(^ a .^ HO ) , a = X A -x„ 0 f 

G(0;»M/E 

G(0)=—(a+0+P) j+iiG(t)*M&o*i*‘ X =Omol . t =0 


GU»)tM 

^G(l) -+C0JH-1.J 


G<'« / )=^<'aC (l »W; 




AT <7 >»jM> •=■»<»! /V4 

<w 

GW -G^«> 
.GW -Gf®,) a>» 
kg k „ „ „. */? * g Co 

G(O) -G(*>)=y--^-(aC <) V t *g) p~ 


\G(0)-G('*>)=-kaC t \ .ojt 

~-(aX(l)+fi) 


, Ml yO)ij 

m 



-C*=0 ? 


faia 030^/2 
ho„, - n«;„*ch,coo;^,*c,h,oh, v 


C.K 


, XU) C„v,-X(t) c,v„ c,v 0 -xu) c,v, xu) xu> ■ 

o X(,) cx.-x_-o C,V 0 cx.-x_.o C.V. X„. Jf_ j 

c* JtJ* U. ,>*!«» W# J ->*►»- Wa • oW w-ii ■—■*■ 

-X Na'x fjUl ’ 

l*„ °C,K,| ,^ ? 


^ G ^ »J9^ *-<>> tklj •“ 


a* /i/3 


j>ka ^>u » UJ *1^ ,J tV* J*- ft** * 431 W S 


GC/; Miu»»jV./v ■; 
jUi# * a*>-CC<^ j 

rj=2/l ,[X,]=X Mm .lNa'l + X HO [HO } + X CHiC 00 .{CH 3 COO-] ; 


/jCOO 


G<7> = A [l N .[Na‘] *X HO -tHO-]*X A .(A-)).a» 

c„v 0 

[Na']=C 0W nag, [Na*]=-p— -jS> 

XOL.^ IHO - 1= c t v,-xol^ 
*«±.^ 


(HO ]-C t -±^ .<* [HO ] - y 

.MiiijLJtG(l) l A ] 



\l, /: = 14 mm | X (!) M*$n 0 = .5 mmol «**£» jij 



4 ia)\ 0\uo isiii) ojo\> ajjVsj 


X(t)=X(0)=Omo / ,i 





W s(l) 


iujU-n S>W*» v»J | x (I) mC,r t (y(Q) -y(ij)\ ! 

I =y(0) =1.560 0 jS it =0tt4ilb»-Mij}jaJi l >./^ j 


X (0 ) —0 Plot X ( I f jju \4>lj£ j 

y(l)=l,315\itJll =5 minVimit), ,[ 


K„ = It j C„ = 10 mmol. L 1 =10 ! mol. 

• X (!) 




P JWa, X f JiiU 6,4.6 / 



. />, = /> - f ( J'S-41'I K-> P„ , 46^>* * 

7Y* ; = 0f°C )+273 p * V r 6,i,»6 »»JJ • 
.moUXf^it- 


r = ^W* . r = 2O + 27J«i.j0 = 2<7’C.» < lU6.i4Wi4*d 

« = «.J/S/ .P„ : =P-l.009xl&P..P^. = l.009xl&P. 

jli ' KiU *7"7 

p = 0jW(V o-- J*J><v»= 5l>(,mL - 2n0mL = = Jx,(r ' £ = 3xlO~*m 1 


.6^6,4^, pyf/;=J.7j2x;o VP r - /.owx/o 1 >l .. 


X(i) oWJ^/5 
. X(l ) 6,4* 3 .) ^ I** 4 0* *■»’ -*»• j* 1 * 11 

,j^a p = l.009xl0’Pa ,1 = 0 ■ *>••**»• 

*/0,J = /.222x I0’( 1.009* 10 ’ - /.009x /O’ 7 = 0mo/ 

...» /> = 1,034x10* Pa , I = 18s ,j^U66* ! i6J»J > >»S* 

X(l8)=l.232xl0r’( l.034x l<f - l.009x Kf)=3.08x 10 ‘mol 

\X( I8) = 0,3lxl 0 ’ mol = 0.3lmmol\ 


,(,) 0 18 52 7/ 90 US 144 160 174 193 212 238 

X 03 II 14 1.8 2.3 2.8 3.1 3.2 3.4 3.5 3.5 

JL> <>, 0 5 5 3 3 0 5 2 1 5 


. Mg’-' S^UUM^JiU H, 

JuiUS^fl &jUi cAl 

,j r » j--. ■■ -■*■■«■« -.^i^.iixCK 7 |^}C jiSmjH 

.6jUi ,*_»] u» , . n = j- 

n -n =CV' = l.O* I O' 1 x2x!0'' =2,0x lO'mol 

.(g) teM**"-*******^ 

„ = .!!!*- = f x/ — = 3.7x10’ mol 


:uji J&U 6U/3 

IMg l ., + 2H;^ = MgZ, + H llll 




"„■ ”** J- •» .. ■■ a-.-. -J . 4.U4I ■■4^} 

2 * I 

Sil = 2* 1°^— - 10* mol , n„=3.7xlO'mol 
2 2 

U^u^lfe] a*-. 

^ Mg l ., + 2 H;^ = Mg^, + H 1 „ l + 2 H.O, l , 

0 3.7x10' mol 2.0x10 'mol Omol Omol ■ 

X 3.7x10 ' —X(l) 2.0x10 ' -2X0) X(t) X(l) ■ 

^UUI A-_ 3.7xW-X„ 2.0x10- -2X_ ■*'.» 


y m = 24Ljnor' $*>»“<*?■»» K. Ap- 



/Mg’/*'-* 


020 


100 160180200 


V _^2» (U-, Jf = 2.55mol Wale^WJ^O* 
* - 2 > - 


* 2 

i = /so* MoJ* ,) jtuiii ^ 


>' <* ... 


B(t, =250s ; 


o.BtA&Mop* 

, = 4 mmol ) . A<t„ = /00s ■ 


|v = 4.67 x/0’ mol.L v 


Aui))\ u\)<*hiM ♦ IJViJbl 

Ajjjj aJ i—tjJ 2 oji-<kJ\ 

^UiiiTJI bliluJI - 1 

<jiA 3 — 1 — 1 

f 189 ^ ft. of -iff 26 ^ 

W** J> »»o-» af~M (JijSf Af»> ff»f» 
J'f*}* C»l j'** 9 - 0 } -H Jlfc f *»j** £*•! 

v ^) .uj_, jijji ij>i -'-- ( cliche ) j.Lo. 

uu, f^iij^i^jibalou jiW 

. AjUJl jjLLJV Off f *-t if ffS> aif .Oft <ajf-aJl ifaift Ab U&» 

fT" I 

(»■' Oil JAI i»iJ| ->>*i 5 fi f f*J)*» jf £ 94*1 - 

J .->!•■■-*- J;;i' 

(/ a rarf/oacfiVi 7 e)( v ci»i)(iioUi)i 4 y>it) 5 yiUi»»ju>^-i-j 



Jil 9 f jjj ^SjU) a~Sa; <vt>> -»u^.» otj> 4 { 

jji.u jc j*_ji o* f 1899 , fl 898 ^ o»o (aj^vV) 
.(Rfl)f »ul>, (Po)f,fi}l*» •UOfSf'jffl'Cf 
J ..Am ^ JiA> of •Wifi* ^ i^u ^ f 1 903 ii- j ^i 

offt# of tiyi i»ua» j «iuc!r Uf A- 
I j^of v cU-» v cUi)iu.uji -iL_^=i^ Jjj ? l 934 i_ JUI 41 
I $ Jf»> ifilf Jc Uii J .( vljf- Jiji'.) «f }j 3 ( *!jf 4 )f fi) 

, 193504 - 1 .^ 

^sAsui^V j?Vuu)\ doBUi 2 — 1 
a-Ui v^bi ^ctijii tua» . itf - - . ' . ^ jm -«| 


. £ 94*1 U «1 tUUIl vfO) 
0 >fil}.( i«AI Ji. af,A» iUjfSl! Ofl f jjlf Jj Of • 
S afjill if *1 Of f 1 .iflffill i»i!ll Of 




cLflt^jJLoJI 


• Oju 5 ®oJL*.J <U JL«sJl 

ol li jf j) .ifilf jfi» fA** j)laj jjjB Uffji jl , JjK JJaJ} 4 .UalU^ iaaia Uafjl 
•olflt ^jbujl Vja. 3 j C'jHf '‘-V -Oltij Haw l*j aUlall ^jajl ^Ui SOvjlaJI 

■oofliol' <9>k* if Jfiii j 3 j£. ti-i, .oi,}j jy ^1*11 1 *. Iv^Ji 

9 jU ol,JU» .(«yt Of afi») ■ ^ Of ^ 1 JA 

•«UU» »a»f of J*i . 9 . l 4 i.j 

.lil=.b* .14^1 . 144 IC OfO^a]!, ifSlillj 0 ^/ i Kfll filjtli . aJ.-.-W.! U Jjl . i.Vifcl o>Ui>l» 

4 *i 9 >o)l>l^i»J}li>.ifj > JljOf-fl.Ui 4 ,j 4 £llf*l J l=Jl<a*jioloM-l«if'>*->fj'flLfJ 

U>l W .jfjU* Jffl jLi. OfjUi>U o»ifll 0 «t aulSO 931 ^ 0)1 olfll »f 9 

if j }J| zSi }=jl jf . J JI jU) ^_ft Ui. Sf<SJi uif . as«yt iffju) ilaaJlf U! ,-,M. 1 fal ail 

O^ifJi a*il£i a*»f» JiUj fjloif jl .( Jff£f af 

WafiHf jlolijl^u .lif <jEjai»U<f jj o'^ffoclff jlfso-f ? 11 jl“i iifSOf o^*ftj 

afjlfjfilt fiijbll f^l ^ aUU! Zjii Ui= J_,a 4 f 51 } <v ciaf 51 oSJJi .lacj f Jf» 

4 jv^» aUllj iiafa aalfiv oj!j aijf Iffj aij 5 ' 5 . 4 j£>QU aia ■ fi - 140 * f ifjlfAfSf 3 
■A aSa* £ V*ibj .if— ifllff ^ ..lf>fi» 4 
Jifjf 0 P 3 .tjiiJl if £lif OjJ h 3 — * =tj }i .J*ai jf vi , ' l f a l* * U ji 4 = 

lift) -a*iiU Jf» fUiallf J«f jffU >ali 3 ( .^f-ill f Ufjlf .Uii) ift to Ofil Of J“ 

oUf.il} -fltlil ocf Jaaili) floili ij}f} .1 a* 0 f£o 

‘9V ti ja tif ffiJ' ifBj- f >-t> jl Ufij jl ailA .f af-l^j a}fLa. J -a i t .. ' j r > jf Jf Laa 

f—l.liU.Vti. lf.Ufcl J aili.al!a^}.j S f£M»>l JaJfMilff l»«>. 0 f aluUlfll iflSf 
.jafAl j filoft jfaaiU Uflfj} . jjSSOill} JAiajtll i 4 f\fa} f—ll} ebSf iCfjf 

alfffill in Jfiaa j; J! Jtffi Ifif} fla Of offn^if .ajtJb jiijj J}l ilJ gfii Ol 1 91 }lf 
VfU« liU» £— 51 } .f}f |J liiaf j .fji 21 lal^if I Uf! .Ula aJJj 4 yCOi 51 

, , Of , ‘ S fM l C)<t..J-}alU J 8 i. C U» 9 .Vl»}lfallflof iojUffitf! 


f- 04 -J-lf 5 »-! Jilit-Vl 



- 3 - 1 



$>v uujv — 4 — 1 

U» JUiS=l |ii f 1 934 44. ^Ula- 11 ) ^ 

-41i» uijl UjLi£) (Po) f i* J4*. 

u*-» .( Positrons) ^Ujaow* u*-i j* 4* tv o* 4Ui-*?- ;i«i 

— yii) u* o>j) »--»• ^ 444* 4**i <m,» oj^siyi 

•<0') >j* ¥ v^ 1 in .(»*?•>♦ 44 jj. 
* -I>i4l> *>ll Jj»5 a 4U»4m 4iii JU,, .U4. cfii 444*11 $ f JvWl* ^ 

■(• 1935 44. <l*j«ill J*ji Ijll* U«»4* (41 


< JU&l 4 *ll4-4i&j4i4)l ,34*14 4*1*4*414. l^lUojJ^.UltJjJ 

4*m ijuu i^ji^ ji 14V **^ 4ii*n* ji»4 v vtuj.yi laUiH j (j**s*) fjuii j^i „ 
^ <4*jl4 y 4*4*. -4114.) latll 411* y *Sjlj»!1 4*4 .1*441. ,1*1411 44l**4ll 4*1 11 ji 



jlv-> OJ 1 (/!") 


i«ii J! i«* 4jLH s v -*ui4 * ji* ^ a -n**-* jj* ^j J} jjjj5*ij.l903i-ic^)t. 

oi j <m a =7000m ( ) jj (q ii =+2|e' |) 1*144, 0 iji* s .4** v 44*1 44 4U*-* 

, 0 i i4j4c jiiijj (m a =4m H ) 

tu v* 4i4i*iyi j*.4ibj> jvj ( Villard) ^—>1. ^t*><i» fjun ji* f 1900 44. $ <1 

J*IJ*OV-4. 4^ 1»J ..»jll$4*lic4*jl4jjj 4iSl .4*1,411 4*i1tl Jll*.£l*i| ^.(JO 4.14 
, S( *J*U4^ J4* J 41^ V 4il 

J4» jl Jis* 4*111 J1J1IJ4J414JI tUiyi^ijjsuaic *i| ill# 

4111 J! 4l**4 4*1 Jl ,j— *ll #jipj4» C# J jW 41111 J>« 41)1 E^J*^ 








.Fj C cw ^>0 vjjiin ,) 

-* ^uivj .C .M .B .F .C iju» 

*. U „,*»*** >*»,J 



:l 4 Ufil 4 <^«^ 
/ Ail* -OrftJl S'*"* JA 

•v*-* 6 *^ 

l gia, ..>*» 0*13, ^ tuayi .^..uijliwe^j* ii>> jus 
Jfe ,) («Ul wdjjIaA) l*lU Ijll Jx * 1 »~ U. £UA 3 H l*. <»-» >• ala* J&. ^ ..U« jl~ 


~T& •©» « 0 » '^J - ^ 



yy*,p.p , .<x; 

ji.(a^ii_^u«»jl)a. 

(PO) ffti jl*»j (Kfl) 

UUijAl J 1 .Jill jauall i^-.J>Sjy> V aMc * .ai>v i^Ua jA^UiyifaUaH J 

.^>UJ 1 a* t» *1 *T»i*<S» 

itj\i o* aiui *ii, *5 •a*ali •» J*u ^>*11 ai-iv a 

JliL .5 M-s 


■ 2 n u ^ :**•>■* 

• i 3 // • | 2 // • \H ■ v* (Hijw-jwwaS' ^ 

dUUU-4 

>Uii 0 y> A^S Ajja, ..-W} .jllUiH !>• Wa- *» (X) ^UAfSS /aJ . 
<m jiioi v^Ji U« 1, Ai J^JI ) ( isotopes ) ju-ijii ^si***# 

v^a .jb.ij)i ..---i . jAik>j oKD o-* 4 s .( isolopos ) ^u** jiwji (Aston) 

(99,275%) ^,i_; ^ au,^ sw-i, gl/ 
(0,720%) •*,» AjAviu^i^ 2 »U 

(0,0056%) ] 3 *U 

.(‘JOjiiio^ jUu-aj l3 C(l.l 1 %)j ' gC(98.89 %) , ^^(QjvjSji ^u. 
(0,015%) fa (99.985%) ,'// ,>* «w* (H) asj-j^' ^ 

{particuies subatomiques ) <ujA» ^Ua_=ji u i^i y.p \ 

v>* t**» sSsw* »>j *»W iii -os* 2j osijjA 2 jc »i»i j» . a w 

(, 4 We) 

.( ^e) j* ^ j>i» •>; . j*j-» )»} (e* ) ji/lVw?. 

0=A Aiii^, 0=Z *ii»i , ^ .(“yi »>j , y tui! 

0=A a-, 1-.^) 0=Z Aio^i , ^ ,(®v) »>j ,v 

(?V) *>J ‘V WW.WV» -A-*- 

«\$>)\ ,\>4iiu\ ft&9 j\j£ua\ — 2 _ 2 
Sljill ^ Ajjill Sjill Jjiu -1-1-2 

S ( U) t J! (H) 

aW fAt J_a nj^ j <4 

. AJCJI A(Agj*ill V>U1A> JJi t-^ 

«*» ^ aw (»*-»ijs») iwiVv<s» >Ui» ^ Oi f»uii a* 

A .»»i» jlj»J fJC ,* |UU 



jl jaiuiUI <Oiig jl J*lurtll . dlgiJI -2 


— 1—2 
-1-1-2 



, 1919u.^jk> j ),dut«u3te^ ( ^: (P) 


m ( = 1 .6726 x 1 0- "kg y m D = 1 836m t 

l,8x!0-"cin«»>l 


, «-s,^ AilU.} f 1 932 U. <4jjU ^) sSj^yi !• 



5l>ll>j -2-1-2 
>>•)( ( X) s? *>*■>>[ 


■JjUjlJAxll jl v A=-- Jl AA*I'UAAi ur A«A5.Cjb9jJj > )l JAt — Z 
.(N)-iUj>uijjt + (Z)^u^jjjiAAc. = = ^lisiujji = A 

A=Z+N 


.iij*i I43)\ifi)ji 92 jA^jisul 17) v-o-lifjwijjjiiiji: 

143=N) 92=Z . oa 
A =235 , il it.A=Z+N= 143+92 


2 n U •fi zU • j » w ->* mi » 3 ) i >»» 1 > jo # i ui « 


(Isotopes) -3-1-2 

iw ii»j -Aow (N) oUjjaiii jjc $ UL&.J (Z) oupi.ii jja ^ 




y »<»» OJO 

: lJ** 

.5 jjt ii >ju N=Z=6 J Ui 

t ijX-A “c/fJiolcw : 2*^ 

i^.ajiiu 1 ^ J zi,N=:Z i 4N=Z+lJi*>-'H*N=18.o*N=35-17 i Z=17.\i* 

_ 20<Z<8 2Uam^s>i t ^» ) 

j> ^JUV} .a; -»i jjt oW >*ii 20<Z<82 juii ji v ^. jt, i^i> Jg** js= 

j Aj if Aj ^aJi ajj a pih 0 l«^i - <Sj>* '*4>- o* - Ui* -4^ M ■*»>* 

M S jk)l O* -»W ■*>>** •*■*** (^«Uj/-Jl j «iU $5 j,Jl) Jac jVpjV 

j* ^jAj&(N)*\jjju*xui <\4^j^^20<Z<82^^j\l^^\ijimi\M 

■»**» 

_ 206 — 82 .,irf j, . 11 ^, ^ Mjj 2 .^P/i .d (206) jji Mji : 

Z 82 

,i J ij~*u t jto.(N>l,54Z)4^~l,54 
Z>82 u i u>*iiiHjjZLjitJc. j-a 

>Ui» ijS £V*->i Z dlUji),J JJl£ iJb> 

***»,,»* 

Jjt ^ N^lij>Jl JJ£ Jlj U*> UA J 

jjiilji* &H-S OS*j .diUjjjjJi 

I jji. a* ^a, 2 “l/ ‘V : J 1 * 

-•• ,ji. r ^UJs. } j v <i(«) dJSii g) -aj», 

** z>82c#z=92,^. 



^»V«4o4.»»i» vM-U.il 






s» ^ Ji, oi v>u, . Jlij) u» ^ , li^b JO, , 


J»U Avj^Jl SjiSl ui J-V^V >-1 J £-» UjLjvI ilM Jji jjv# J vMU" > IAa>& tM 3 

(«)» («) JW <m» (p) awvoi~ usm .W»yi 
.(/0 ,5 m) jjj*^vsi.i^»»i»i» u.^b jo, j 

■»**wi $ pjili SV.USH Jji» ^ ij*i, , Kuui , 


(N) -Mjjai jjc j (Z) liUjijjJi jjt jjiij -2-2-2 

51>Jl jljli-i ,»jc ji jljUul 



•o j>i 2 S 2 jc. JijHe) takf* 

$X -> \He + £y , aki a »bu. 


#t-' * 

iSSK^ ‘He 


%Pu-* 2 £U + tile, j 


.si*» j* (_“el ^U)>M ju-.! j» 0 J 

$X -* _°e + + ° 0 v , ^4 J£ii)i » 


‘jC-> "W + -?e + ^ : Ji* 

5 A.U j>M J* ^ *i~ »»i!l U* J»j S oj*M jU-.! M$4J j£v -**£• 

■ibj^Sl! iljilU -1I£= 

5 ilfjl ^JJl ( “e) 0 Ui Jt o* 1 ,>• oi! 
, U£= °/ rt/Oli AM-iJ 09>S1! j ojl j.* J! AJ>i Jj»AI «»i» ^ J oys -»»l 


-> IP + -l'g + °0 V 


p 

pr pc -> > + z -lK + 


'Jc-+ Vfl + .|f +° 0 v 

Hi* J* £*** O 1 .^ ^ J»9 » OlXjW J“-! 0**i 

b l*£= “v *,**) iiiHi*) OiH J! •'*» J**» O*)* J9~ -**“ '^= 


Z=6 

. N=6 

jaiij/3 JlSiilH«lAJajtiai£} 



«*U- < j>i- ,*£.,3 V -Ato,) ^IUJVs .W>Ul^ -">9 •“ 

.i^lijliyjian „*&.>) 

JJA) J! i(£U— » a»AH ^>Uall AaJOtf (/S' ) AiSAJI J -*9" {N,Z) laloAll J! li^lii li! 

< jM JSA* >il) . illloi- 

)Z=7<hn*si l jN : J 1 ** 

? a /Kk'ji .. fl.-^-» a 

fr -K^.' iii -.L'. j.i^ (A>200f) Z>82 


tJiajJI ulfeUa -3 

«tfia\e\<>iV-l-3 

, Jill j-.AH Z* J J£=l i! falilli IA*A. f 1 903 U_ jU* 

iu~ a»i J! siji o* Jj»a •( y) £>*aw W*—“ o* »* W* (^> 9 1 <<*> ‘w 

.(yjUUAljj-ijia) 


| Adi^e-V^/V^UiiV -1-4 

■Ui. it~l j k.-t.l l A.flillj. i . ..l ^l-LVl UI.-.-.ll 

(At* 1 &!*,,) l«l^-i^(A)-l££iLl» 

.iuia^JSis 1000^ } L^A 0 »»ai«jUU v iu^viioWiiiio^ l i,Ljiujii.^j 

A 0 = 1000 disintegrations/sec 

,^u> 1 )^500 = 4s.^j^ o )! 1 >ub 
= 500 desintegrations/sec 

( demi vie ) <««-u» j*c. y) "/j ^ joci 


I'iMo-A ,>■*>+*»+* 

// - 4,5. 1 0’ a . ji au* o 4500 $* ?***>*& 6 > jn* 
//- 1.56. 10* a ,^;u_ \500 

<JiAsj>ay\ o£»U 3 j9iV9 — 2 — 4 

j* .(«) >u£*ai i«> 238 m* }i i J4. o' saAJi Ui-i^i $ 

i a Conti u) ('"[/) j. su-j 

-iJLJt ^ jiJl jjjj .Jlj ^UuV) 

*11 1 g (“(/) ^ (a)oK£4i» JJC .W! ,u .,»#. J«J£ 

xffi23xlO !, J*4ji*i 1 jtujissju 1 5000 41 

uji V! 2,5. 1 0 21 (a) ^ u? jsj ji ^lun., st$ 2.5. 10 21 

ji jsiiiu .ju^ji ^ * (a) jjia j ] 5000 ** ^ ^ 

jj-m . jjc. y »iyj» 044) 



"yif JJl» $ CJjSS J L)S-i (*“+ »'* </?' 5 <“> S^U»MV»ol * 

jiii >^u h-.mi-i ^j-Vi 11 Jt 5anj uui iiuo 141 ojQoi^ (etat excite) 

o^) iX W-* pT *»*?»•>»<*** 


- 2 " 3 
( Z) * 2 ~ :J| °* il4 ; J 

, (Z) JSii» JV^»^=t Z t ^ *** ^ 

z=z 

, a jx* *irfWta»ai»»> *“■* - »** J 

, = (A).asH»J<* •*»*■“*■ 

A=A' 


T i l 

Z=94 2=92+2=94 

Z=Z'=94,oM 
(A)lbU»JI c>+ 

>^ J y + |//e 

A =239 A = 235 + 4=239 

A=A =239. oS 


tJ tl* J ii)ll IstuuJI ^ -4 

.Offj "v: 




j ,ili 

|N=N.r*| / 


( J,U1> JSLiSI, Ji,.) Afc/ftJ ^^.yOuaj^ U jI^ » 


V 






\ 







\ 












•a* Nojxui t= / ( Jj-i ^.^ 1 

V* $ ) s^v* 4 Ut ^ No } 


#o»ii*jN=^jt=/(v. 


J 2 L “ N "*' 1, “ ; 2 -* 1 ' - 

-b r ln(j) 

-Xi { =lnl-ln2 

-Xii= 0 -ln 2 


'i = ! T 


H^h 


A =A y .2 , ,» v „ ,. 3 

\dl ft lilt) J^o £ 5a»i, iiji ol£is jUi>., 3 


(•) | NXdt'f^i dto»i4 rn a^m ^ | , ^ 

■( J-V at V*) (f=0s) o*j» v* $ 3* N„oi ,»* ^>i a*. ^ 


los^a+doiwji^s 


.(N+dN) iaj 

,4 <()j ( (+d() JS> »j}.<v»l' {dt\ iWJ j i£ 

N-(N+dN)=-dN 
Nkdt = -dN ,j. 


Hf = - X 4 ~* 

, »]„_!) ^Si ui .N'(7) ^ cy>» J! WOuuii js*. ^ ** M jUil i j! 

|NW=-ANffl| -»»«*» 

. ^PW-oWj* JSi» j* V** N'ft) Jsifl l jiill} Nf t) jjiii iljUll »J4 ol li»-V 

|r+gy=o| Jr— «y| 


•oft -i>» OJJf J < Jjtt ■*» 




, i*JL» lyiU-iU >11 »«liUa f J»S 

.a^iaju* Y=be~" »)uii jcji 


y'=-afce“ ji 4iuii »i» ijii* 

Y'=-aY0 

Y bt- ■“ «_i" ilull ,4 V li y i*LiUih iliUll J» o' 

N=ae~ u uuii ft, N'(t)=-\N(, t) v- '^» »uji j» J ;v.~....'. »i«j 
No=ae m ; N 0 -a ,o\t(,N„) 

^cujyi uun ^ui o jhi ft, \N=N 0 e- x, \ • ^ -u-j 



"-tf 4~ 2 


N=^0,368N„ -f 


I 


'?=2j]8=0.368,^ 

No 

(B) UoUl il_la jyu jO (B) iui ) ^jUJI^ill ^ lAj-U-ij ( y ) Jyu . (/,) 

.(Tl^il^U 
.<A)aw* 3 fc 4 =i-;<T> 05 *iWli 3 . , (A)^ 



u CUAyitoUJU 3 

■a 

Oantropologie))UM j—x «(>»<>» 


H^ 


^((=Os)a«»j» |A=AJ/| -oa 

| Ap= AWq| • .jiU^Vl loUJJI 


Bq ■ (B<J) 

A=XN 0 e x ' c» N=N 0 e u , A= AN ju, 
., | AM.e -* 1 .<* 

La vie moyenne [ r) (■>•>» -^ ;i) iiviia-ta >»jJ , 

•£>» u-“ o* d j •> 

W.fflVO'f ' 1 

r,i .■iti-.t Ll -^.l < l 




(OtjiKoo 


I (O)^i(No) 

(Noti,,*** to I' 


e 






(N=N 0 ) W3i(f=0) iui ) «ui ^ 
iSSib. ^.Ky (N=-^r) WJ OJS3 ( f =n »a»i» 


ij)0» 4*1W<» 4 41a4»fc »Q. 


[ Ezfc i*c\ui>) = Ez( gxfjt) | 

| = EAfgtjin) | 

sjuijaiujuc 

i*o?»i jSU i »jau.oUiiisi*<iliia!i}»juio!j 


. <m n* jt ovi^i jicif 1 905 ;u- ^.^liivuvc 

{kg)?-*. 


j! 4j?»i li! m t*ui£a sju j&> 

(£) <vl^> UlL> 1*43 4ill» 

{energie de masse) 
E=mC 2 .uw, 


t.m 

Oi * 8 A R ■ a 


m=Igt 1+Xi- ijU (aia* iiUa) ^rni ia*i : Jli* u 

£=mC’ . 

| £=3.iO ,J /| ,oji . E=1.10 m, (3.1(f) > 

4iV*Uai j?> j* £111 HillaJl, iljll. iiUa j 


(H) V>U' Mao iJ>> 
43i* !' J| (/>) ojsjj^ s> (e) OSJSW S* of . 

{3 J^UlU JOUil) .( I O ^g) I*.; oa 3*3— Ji£=> 1*1 (/_*■) K»i» 


= ('JClo- J»*l *13^01,^ 


«i o> Ujs ■>* 


Jl CiUcUUI -2 

dojiJV c?»iU ^e-Vi^avjM 0»soi\ — 1 — 2 
ji*?- jiu a o4a<-=v <#V> jsm*U' fl9l9 m*. ?u 
oi o*>»j .lu^ai oju*-sJi > o* Juaau o.bo»^ aiiio ,$ <u .{spinthariscope) 

jic Jj-aJ WpUti .4113 il,^. jS3 ?J} (35 o- J JtUI 

.35 iai-11 >1 $ jl*?- jlia V/O) as^-feVi »? »n 

l« + > — »fc+'/o 1 

,jCU^ cjfcbuiy UttJjt a 

>»«*.* >. (J/j) £• 3lUKLii ( , ®e) Cttjftj* ^W-*^ ->3?-5 (P0)J£. i>»L* 


J Jx. Jj* U* ^ ( w °<?) Olij/sO** jU*«! jSJ jU-»! JJjj . a JJ Ui m sy £<U*J A/ 

»3» j4-o )I (A/) ?j?i3jlln4 .(441 sU)*»f) P" ^*W 0*9 ‘f* 


J*Ui» .*-» („'«) JJ>1) ( | 3 °/ > ) J»i- Ji9 J* J*“i (i//e) « 4. 1.,— » ■ (, jjl/) 4334 41* 

iHe + ,J/f/ > f s P + 

. (JjjiUJcUl*) o«i* 4K4511 0-O. {Je)fP‘ 44^-3. 3 J9 4, Jj-o S»i> Jj3-»3»j 

///» >.fe + %Si 


64993 JV ^ IpVi^M Vi»iV9 - 3 - 2 



W = 2(1,00728) + 2(1,00866) ; 1"L.= 4,0320 1 
§ 1 "L. > w .- 1 • o' -w- ( CT - J m*He) mW wy * 



,11 Hit, J] ■*»>* ^ ^ ,>• V^- 1 ***1 

N=A-Z .*. ‘V'^l 

(4m» * 

, t *.4m=m s _-m.„.WJi 

| >".^ m(zX) | 

m s _= 

Zm, = ^ ujsm» ijtx j»ij» ojsj*» »*“» ■ o® 
Nm» = ^bj>iJijjc x 

m^= Zm f + Nm« 

| m = Zm, + ( A-Z)m n ] 



(W =6,02. i(H J . J»*l) 

Jlf > 12g .('JOo'SJ-JjijJJtmjaajiC)'-:^ 1 





| lu=-£f (grammes) | . Iu= jj -oM • lu =-jj- 0 s 




, ^)U1I J,j»# $ 5SUU1 *1» 

m(u) 

0,00055 

1,00728 

1,00866 


(4m> ie wi^a.” 


iJb* .* ( spectrographe de 

j»a (?//<■) f jA*» » ji »ui» ^ J»*?- i '=“*»» * 1 


,1919ii-lAston)o*J 
4.0015 u>^ 
AjHe^Msu] 


(2ti)) (2p) cy “““ f*W‘ apoifj^J “ 





\8Mev) w ^nj- J! ( / Mev) i+m ^><A) ju>i(£,M)oi ii»Vi 

(50<A<75) av. < a>> < »iM' » 
. jl J -^-..-< .-Ll 1 . £; =8,5 Mt’V irfjj JSJ Icyj iiUa I 4 I jb 

(A>/00) aguaaAti 




[~ Am = Zm f + (A-Zjm« - m(*X) \ 

< Ei) 

E,= AmC ! ' 

\ E, = l Zm p + (A-Z)m * - mfjfr) jC | ,^ 
: Ji* 

Am = 4,0320 u- 4,0015 u 

Am = 0,0305 « = 0,0305 x 1,66.10 17 kg = 5,063. 10 ^kg 
E,i\He)=AmC 

E,(<He)=5,063.10 »x (3.10 s ) 2 = 4,5567. 10 I2 J .0* 
lev= 1,6. 10~”/ ,jpi* ,(ev)jij!j^ 

.. ... 4.5567.I0-' 2 

. El '* He)= 1.6.10-* 

| E, (*He) = 2,85. mev = 28,5 Mev \ 


, (Mev) w^owa >Vs (fvo 

| lev = l ,6.10'' , l | , o}>avi > 
1 IMev = J0*ev = 1,6.10'‘ , J | 

(4,>v 1 ^ Ufe. .<uUS» UOs J! I«l^i U »jlc ( M) J5AI »J») 4* j»i» ■Vfctt ,J W * 

, ((?) Jc (O') <*idl 4c *. $ 
lii , 1.66.10 27 (3.10") 2 1. 494. 1 O '" 1 1,494.10 "’ 

c 2 C 2 ‘ C 2 Ifi.l0- ,S .C 2 

I 1ii» 931,5 Mev/C? I 


(E, /A land Jgfap»4«fa« 4.3 

jc tis 51 »^oS» (A) wa<»i jjc o>^) (£t) 

, i jVJI, UU lc-jili iLjfi J&, Jm. . Wj» 

I ayJV.ai- _ E, 

| W** A 


o '„+ > %Br+ '"ia+i () 'n+)' + « u ’ 

‘ 0 n+ 23 , s 2 U * i»S r+ l i"Xe+2(> n+ M ‘ 

luikOlVU 




•i-tflLhr **)»**•. 

“2 1/) ^ *^3 '3> 1 '•jjj* •>*»♦ -ijp-* »*» 

JUloeB“3sV“ J£AJlWfri3*3»Ufc-<f6>«<'0" Cf 


•n chaine) jjui. 




© 

sr% 



( E,M ) i* ji jfe. lou j aiu» <A<20) a,3>» o' 

u&> .<?/*>) J ( 7Mev) jKftfuU Mev) ,>. ^ J£J* 
,>• ^ (|//e) »»a ^ J 5^.3. 

>. tfHe) js*i J J oj s .(f//) ii»i 

^ iiit c>is ,(f//> ? ce»3» (fusion) ju-l.1 



J 11 * 1 



loic jya j 


^ jjiil gUAVI jUaii 

^ ,1, £l»A» cn .V*i* 4! ^ .Jai- Ijl^iJ *1 £UA)U ^ jSK» oi 

ott ^>>*J4S1> ,Mj*E Jt uai^JI 3K.OIUI JjjU >Allj> v >JV J^AJI jli> 01 

Abj^i Jac. juai Jc J»M 3 u* Ji~o £Uiy 


Ikg^Ai^m^ = Dt~i* i»**j 

Gy ^>11^*0 

lGy=lj/kg 

fcwia -*-» J* • O »a^ji ij jiai. 


IGy=100rad : rad- 
io •■ i.,-. r ia.... j i.i lGy=20rem :rem- 
jj^AAiu^cuAyiyisu^a rad equivalent for man 

uUdVI Lfliai j^SlI Sj> 1I jliiVl 
i^^iiij^iiAOvyo ouwj 1979 28 $ 

u,u jooyo ) 1986j4> 26 





La fusion nucleaire E uu» o7«3 


m 


#./, 

r 


;//+?// >;//e 


«3 


•*-.1 j .(3.10 7 k) jjj» ^ ijijsJi »»jj Ap. 

f* f .(plasma) u*j .u» ^ 

uoaui A.u s >aii 


i ; jil Ull a\. -.1 1 

JSAiiijfitl jUiiil) jUaAjVI AMtUi .Ulla j>~ jl vUiS^ ,Sj*i JcUi 

■ Art, | £ = | Zm(a»*») - Lm(&») | (? | 

aitiiai = £m(**AiA m) 

JseltjAt* =Zm(&* a) 




JjfcttiSi jMh J ■■■>■■■ I I I Liill l±+?A . CIJL$J uli s lAj iW^. i ■ 



J.UJ j *L 

. f “* J jP'f J J 


^J^UI JclMJi 

jUOfl jj ytj JtUli ^ ui 

l£j& yjk ^jJ^illl JfcUiJl &M JflMi 

J!^ k>» ^ j JOiiiH ^ 

a^J LSjUaAi'Sil 

■ 3* 9 Ij&jii.j j^i ^ 1 ^ii jj 

u-^ ui-Vv 1 ^ 1 - r» ^ j '. -i, j Li 

23 j ^^jjij, ^jijj ^ iuja ^Ji'i j 7 ^^ 

^it! ^ f^jijjJi Jjaj uiij .i^ jlhm ^'i 

j <LiaJ Jj-L L~h J i^|i_Luj __'i-4 jjl ^ ■>1*1 . j J*ljJ|l 

Ji nl i ■ j* 1 >£+ll ^ i >*3 

A-^-u-jJ' j J-La j ij Jj p hAj . 5 J-'lLI d. i. ■ _- ■ L--h' i Jjjt jja 
jl -J-jJIji ^jJl j 233 

■*•■ I & . 4 _Jl ^^JLjjp-jluJl 4 -Slijl J' _>_. .l-lI'J 

> j j* 'll ;. >J_jJl JtJ -h-fc.'j i d, ■ L a. i !'j 

.Ijjil J 1 v' .. ■" jJl .Jji'J-lJjlLI J 

a v . »„!K-iVc L^ILm jjj ll^.-. ^ l ^HajJU 



M m 4 p 


4 J** 




jjJjbu* *JU j . ^J^il w y~" S_lLfcji .^jJJl r LWi 4^1 ^'i O^UIl ^ f*J a i.ii j J J 

._sj >a!i j . ^LL-v.:. .Vi ji '■ » ■ j 1 1 j^ul ( > . iV- L ,.-■■■'■ . ij l LL 1 j • ~ ■ _■■ ■vi_, % l 1 .-^— ■ J j n lj t -. Jji^j j j -^ .lh l l 

^.iln'ij V g»£J H 5 ^ JjJi 1 j.- 5 ^jJ 1 jJhl V\ i H ‘ 14 * 11 ^ jA JUt 1 A /*-^ 1 

>bU£. L 1 a^ Ai^tnfll j a_IlSj ^>- 14 ^ ,_lL>- J ^J_klaj-j. j J i jV-i 1 h i^jJ-C- 






8 * + $ 


-tr-v c-n f M., >**-•.! 


j -5 j JlJU 

1986^26 


in - S' - 


!lfa - Jf- 




hfte-tMWTJlAMmM 
*-L K. ?C v 

h»r 


Hflfv 'W n ^ , * T 
jn^i^ “i 


ttw IKS' 
pnriH 




U-V J- -"**• ■ ■* 








|2> (^-*-»> = I> fe.^1 


^jitUl^nJI 

(,l905)o)lliyiite. 

. &«ui, £ i^us, life ^5W11» uu. J! cJ-^1 10 ! m 

9H 

<(kg)*vx».m 

C *3. 10* mj~‘ 


|Jw=m ^-w^l ^osa* 

E I. Wj* *iU- ^-3 • W-^ J*i3 * *Ua J!J^ J W ^l^J. >uJl 

jUuOV Jo»3j 



}H ♦ //# 





( E f P A ) ■kejJ 1 * 

■■ jl 1 - ljUmj J i fl 1 u l>*-l J 'if .^l i h ull'u LlLjjl J^-Ld J.!Lhj 


I jrf'iij' T jUflui W I i^LC-ldj jJ D j^duii aJ'JoI' 1 j LslO 



/M*P =J,6xlO- /] J . /w = 03M.AfeF/C J 





-A 


m, q,=e- P 
7350 m, q,“+2\e \ a 


~*j» j -iiii i>»i -=*ij -(jHe) f wW W ***»> J v» »j4c ■ a j 

. jijn ^ uj. jiii oij^j.(_"e) iu*^. ^Uj^ss ju->] j»,/3' jua j 

“j" J ■' --■ -j ■*'('] -m- -i'i. -i-i -- 9j< a,>jua,ijuo!y>i y tM j 



ydbdtmiii 

jc. ft, ) vcu-> fjji £uj« »» . p' ^a j 

ojjsjyi iU£= *j (Jfe) oiMix^j .-ujxijJ c ^s 

Aantielectrom jtjsty ai. 'V 

,>• OJ*S.»» Mil* »» jJ OJAli*>» • 

■iy 

( i»l£ =■--■ jl) f *JI buiVl lalUK j I j2 

Aiiuj. ‘ 

ijUl Jc Ui-all jjii, V lalUJI ol Ufc /V 



i utpui 


jffl ::, : I 

•asWUi iw.,11 

Ji-U (i) y>«l> ^cU-M UUJ bj**. 

j»>»i ij-. (Pb) >. 


: • -S 

^ ! 

iv)»A> ,^cl»i5f> ^ <V«I JJ» jl 

ji^j^iju. jn ,Ij2 

" - 1 

jsu-ii^ J»j»a <i .w ou*-«j> ^ j3 

* gilij liU 5 




H U Fe 

iH '.%> SFe 

1 92 26 

0 146 30 

1 92 26 


•JK*!»w,«JS»s»^iui».u.^ ■asia.ja.asia.^u^, 
Ji J» AAU»>'U l+J UaiA •J iai 

, r a .(Pa 1 ( Tfi) i * A4 •*>* 





^i^jc 18,9% , 81, J% . 

>ijsin>» W->j 


=+ 1,6. 10 n C. 01 


d*» 

jMjo> <)t ai > J i iii. i i.»»a al 

u . [7^771 ^ >>■ vjfej&s j 

Z+N=A => N=A-Z => N= 1 1-5 ; H 

,'?BJ*i»2 

H^5], [153 • N=A-Z=10-5 ; S 
■ j\t .aLb^Ui mu*. J u, } .lZ-5) cafitAit* *** ^ ** 




|q=+8,0.1Q-” > C| .^. q=Ze=5.1,6.10~‘ 9 C .<* 


GE 


yX ► t "e + y) 

A=0+A' ; A =A 
Z=l+Z' ; Z'=Z-l 

[lx — 

yju-iJ 

lx > lx‘ ► °„Y+ 1'Y 

A=0+A ‘ ; A‘=A 
Z=0+Z' ; Z'=Z 
, ^jsj ujj lx i*-ai .j^a * sijJii Z’=2 J iv 


GE 


•< t-2 V* 5J * J ^ *»» Jt A »>i» J> . a 

id**. ilji J! pT »*» Ji» . P~ j 

•<?-1 y> v* 4j ^ *»> ji z-* - jj»- ■ f «as»» j 

^ si^i# , y j 

7 uejalll 


>» 



.4) ^obJl JJSJuJl £ji gjj«) jsa 4JL*. 



4§^« 


u 

■“ r<7-i 

(1) 

(2) 



.(///<?) (WJ' jU-! 9 1 a 
.( >) ju~f y . 0 

.(,|fe> jU-i jl ■ 





(j Vfe)jiaJ£ia.- 

*lHe+p 

|Z=Z'-H , -cu, 2=2+2' . -■ 

I A'=A-4 1 . +u, A=4+ A . A .*,*» ^ o jili -■ 

£y . ^ufi. £r 


|pr — » lHe+ £jy | . « jm 




"C > J‘e + p . 'ic(p-) 

14=0+A ; A=14 
6=-l+Z ; Z=7 


> I’e + 'jN 1 . 

v (jijoUl 


IrflUjjii JJ£, (Z) JJC Jx. i^*, fa* ,1 (£X) M»1 4 o! ju, 

(nucleons) » a* o*, j^uiii , <N) 

0*1 aabjl Jiliilla faa o* o' JjU. . J j) i,jO* / 1 

ijrt, ( ijiH) >ua> 
, i*u .51,1 266 JJ-1» ^ I oi aujjji ai,js .i*ib v>o* ^ 

»iji 50 . N 3 ^jj ZoW *f^o »+. 53 . Nj ^, } Z ol* >oi 159 

N,^j>Z 0 i< >*» 4 . ^p-jj Nj Ja>ZoU 


«0 . "Mg , “S/ , $Ca . %Ti . %Fe 

S o^oA* o* j** v* U.. 


(N) WlliJoii aacj (Z) 

0*j Z»N l^ojSa SujiVl o' • ( Z<20 ) i*fA*h Sv^in J! JU—JV J 

iZsNjus 

i . (20<Z<82) iiw^uu ie/fiSi J; a.-.ip a 

»<5*» ijHi >?v i*a,.rf£» 44»JJ1 -*a=o j£ J«L, ajUjoiiXoa a»>Ji aadij 

. o* fttS. 1 j'jAA-i. t^v .Vi. <-“?/>/>) jljl* VjMU» J*i±i 

N _ 206 -82 


82 


= 1.51 



8 tyyMI 


’;c(p).Sp(p-). 2 £po(ci) 


14 56 7 82 86 13 Zi^iaad. 

Si Fe N Pb Em Al » 


Jail 

aiji J£1 oofaji 4)}^' JcUiJl iljU. a 

! £Po » jHe + p . ™PoM 

Z=82 .o4! 84=2+Z . Ju»iiiii>\i»iio»iUa— * 
A=210 .oil 214=4+ A .o4 <>i » JJ£ iiu~.o»a*a— 
Pbj**(Z=82) 

| s/Po » jtfe + 2 »jPb | ■ i 

%P +Je + p ■ ™P(p) 

30=0+A ; A=30 




( N,Z ) 0» /3 

10 C> w O. I4 C > '"Be 

U»J .l^SSiioVjLulac!}. /3 OHia! ji^LaJ^ja^aclC JJ» . p 


=- . p* jsiai (Z) ^ yiiu jWcu /hfi 

I fTT.- Wj . p' ■»«ll cf fi*>a V s * ^ 



.iijijs)(N))(Z) Vjlii 
'.’O ' 6 °C 


"Be ji« i ju^a siji, iijii. (N=6) j> jiiu i«i 1 "fie «»» o' 

, ( "e) u$,om >i-i ^ P jsat ^^iui (N=5)j <Z=4) 141 

"Be >_,*« + £r 

lZ=Sl ,<!•) 4=-i+Z . o jiii — j 

[A=iO| , AiA) 10-0+ A , jj£iiU«iio»ai-— -• 





\fr- 

%Tc- 

-tP- 


. ) ^>UI1 l»ua» tP U 

-> 'jN+ 

->,> + — 




(N) j <2> w ju~-i .* 

"C *' 4 ,N+£X 

14= 14+ A ; A=0 
6=7+Z ; Z=-l 

W^-+'i»+M 

, V'lif UllauJl^! I 

Ifp > j"Si + £X I 

A=0 ; Z=+l 






l-V-.'.. 'I. I 

”Tc >%Tc + lr 

A=0 ; Z=0 


| y>W.a»^Oa > | 

[%Tc\ r x-isi» si»i ^ (•) o! iO 


. , g 4i^ 2 4i,i ,* »>?— > (2=5) i<i ^ ajUj 

l>— »>+ 


iU J^LJI ^ jiHi 1*1 w ( "C> 4< pi o' Ui»VJ Jjjp J! Lj* Jj ..mis. 

( ; /C) uw Z=6.N=8 v >•» (‘ 6 4 0 J * .(<’C) M,iA, iijii. 

: us» /> •■•■Kif. 14J ('/o jt jip ujv> V^j 2=6 . N=6 j >»;-■ 

A = i4 . .l».-..-.L,p ..r . ? .i« _»..-■ -1. 

7=7 . ,y.i7) uu~ •■. : .j.n ji..-.,ji f 
l^iV | 4<pu .( N) up (Z=7) i«! p 4ip J uj»jI 2 J'Uj*. ji } 

>Je + l4 N . v itaii^iikaij J £ < .5>i_»ijj v ») 

( ',? O) * j(»* lPU J*U ( '£0 j < 'gO) J»P 

■ WO^oM'/CV 

-u*4oiipu^vii..mijij.p,>a l >jtii«i N=7 1 2=8vj+*a ■ < '« O) *>>oi j 

"O *.?e+£X .P'^s*> 

15=0+A ; A=1S 
8=1+Z ; Z=7 

p£> lil .4 jii~A iljj ^*9 ( jlv ) 4ip ($f ) 414 J 1 o> a>4 2 ii«l p 


HE 


±W1 


. JSii» jpiui .iUji } p ja 1*1 . N=4 ,Z=6* , ('®C) up a 

s'C ^.fe+zA - 

Z=5.A=10 

■ )4 iobjl JSiill, .ip_ ilji ,,»} ('"S) 4lp ^ 2 ipjJ 4lp» 


A=AN=ANoe- J 'l 







A=23S-234=-l ; 2=92-90=2 


(Al^eUi^laUUl/l 

0>J* jO *i j-rf-i— i /-=• 
xf^-iffVn- tfjMA) ■ujV** > 


(, jjl> ji yi i< . 'v 









Ao=\N 0 , o j[ . ( N=N„) L^ui ((=0s) uh»u 
A'=l,06.l0-*.1,4UQ»*‘1,5.10' 4 


| Ap= 1,5. I 0 ,4 dismtigration/seconde = l,5.10‘ 4 Bq~\ 

| A | = A^ = ^1 , oa | . 

fA, = 0,75.10 M disi/$ = 7,5.10‘ 3 Bq | . 


i yi~t> f j 

6.023.10 13 -*• J3i g 
1,41. 10 20 -* m a 
_ m 1,31. JO 3 *. 131 

* <5,023. JO* 3 

| m 0 = 0,0307g = 30,7mg \ 


^ = M ;| m= WW 

No 3V • I w 
m 1,41. IQ 10 . 131 . m 
° 6,023. 10 2 ' ’ " 


M, I Jjj >-.fl ijjli iLSJi 
> 0,0307g = 30, 7 mg 





No-1, 41. lO^ . oj! (N 0 ) iua juji (l=0j) * a 

-=0,71. lO^.^Uo) (-^) (/<) att 

. JpJk (H) *1>U)I 41— U jyoi.(H) ilaii* J <u. 

>I-> 0 W» j >}=7.6j I 

. o *.<3600a^»^».<u24)«^(2;)M<Mfl^»»*JMW , J=7,6/ ‘WJ 
t t =7,6x24x3600=656640s 

■> /nl __gA9j . |x*/,06./0' 4, s’'| 

6366-JO 656640 1 

-vAJ- 

ui j ( J=0s) aai»ui > >-*** (“V 


\4a-u iUi- $ ( t) jj-u t 1 &•*** »*■ 


[r-Jy] , j^icAw* Jl£^-A> 



2 %Ra > 2 HRn+]He 




h = I620ans = 1620x365x24x3600 = 5,1.10'"! . jSJ 


|N-jgy| ; N = ^6,023. 10“ ; \ N = 2,66.10“ » A 

A = l,36.10-"x2,66.10“ 

| A «= 3,<?.]Q I< ’ Bq <» JCi | 

«a u,u 511—1 ‘Slta^ < sail* 

j=e-*' . j* = A,e- i ' ,o*. A=^,o£i. A=A t f‘ .jl<— 

inXl 

to ^ = fit e “ = -AJ ; I = 

-^A-^aS-issai 




a i- . ^. * v«» >■ jiw Oi= 3 /;) Ue*J> j 


= S/;)^i</ = 60,8 

30 7 

-p-= 1,20 mg ,^6 -UylU^ 

U-v .»*m^l! MjJliiaili J "7 juw, 

a,«j.tll\l4ll^M.I .Jfll J. I II 



.„,-i n = J- = *M = s , Mj *a 

[y^fcr-l.ahui.^ 

► ^ui» 0 »iu t j»~ ^ »1 jU) 

,a=X ) b=N 0 . 6 . 


|N = N„e J '|.^£ioj.»a 



11U{J«U' 


sji — iuu .( i 

.i*»J£,5fl <0*1 jail, vSlfjVHc.jJI/5 

^ ( i/ig) ^ »iiUiii (a) ^Uj_» jjc /J 
lCi = 3,7xl0 K Bq.j — 


» Km juRnt -tc.-. 







in + ,4 ,N >'tC+$X 

1+14=14+A ; A=1 
0+7=6*Z ; Z=l 

■ i]jU» j .( /P) jf (Jff) OfiijA 1 9* 7.X !«■- : »»* 0* 

in + 'fN >"C+/H 

(“O »*-> J •**>* l>«*» 

«* j* >*i »■*» *jm** (“Cl >»** ^yJuav «<»**»*■»•» (It) ***** *■** 

&fi^ab J jMt±»).ti=5730anneesjAti-k~ibj3i‘i J4oj*jS*o! ; 


A=AN 
A„=AN 0 j* 



|* “C l)*-' » 1 * 1 *» /V 

Mf ^Cl*^! ojiji J***v /2 

4 ,t CO})of,j! 

* <«--» ^ -U*- »u* 4fiA .AM. - . --' . J*»“C J. 

^ s*-i» (“C J>> 12 aj*jS» .)*£>>> c* ( 1 0- ”%) ,1)* « j s u, 

•u- *t* *•> ^t**-*** (',cit*o>p v »<',c 

■>!*•>•» ('/C 

,ij*» jjc ^ctu.^ oj 1 ^* v4 **> J jj* ( 5730am) ^ 

^u* j« vu.uic»ji».M.-.-ii*)i.-..l.i^w i^iai 

iv»> > w >• j« <'„C> j* ***** lA ****** ru**» Jv~ Wj ** 

ijiiM !►,>* (“C)^uv.iv*J ,>•■> -A— Ji*< ("C) ****** L>**** 

*>j*j *>* sJ-iV i*it v» j*i*-CJ ( anthropologist # ) o*w»ij*j^iiu 

,«jv; ^a.ii- 5730 ^*}*.' ;-.■ - - ' • . <“q 'r*; 1 )’ - 1 ] -L 

•"<**»»* 


_ » L , J |- Ll-.CI A ^lU IVi Ul - -* ^ J-.j ■ 

? *»* jiio ( “C) j oj'ji* ,>*» i* u~* u* •** !' 

s j* jUi»u ^Ui> 5,jU» >*£ ( “O i^»* uui /j 


ifyuMI a4®lksl]I P2] 



" 7 N + a > '/o + ix 

“jN+jHe > n t O + lX . j 

1 2=/ | .*i, } . 7+2=8+Z 
[a=71 .4Jl»j. 14+4=17+A 

.(,'// iPoPi ^ v^iX 

| "N+jHe » 'jO + jP | 




/)„ \N„ - 4, /V a 


ln-j- = lne~ x '=-\t 


.X-fg.c 


/MO.J 

\I350J 



| t=*11700 atts 




16 jJiJoUl 

J ("Mcnm^u* ** Jr* o 1 tu-5- 1 »*>■>*» &,jO 1919f*^ 

* #D£l| 

slip® 









iHe + Akl — 


► o'” + }°P 



IfP K?e+l?Si 

aJjImJi l^-^l --e j ; -.«.l-li A«IA 

1 J.j-» ^ l*Jc 

.(*;,_> =2,5miit)i^ i iji J j^{^P) 

V. 

loU_JU JUi .^Uol >--• jE !»J SjU ,>. UU U»l 



W u*j oAr* *'-■■ ■ « » (2,5mi«) Ji, uoloi^i 

ac. -i-> i s>a f»J} jj ,>. 1*1 cr* 0“ >*-i ^ 

4c sjlt* -O-igi. ^s l l/2 =2,5min 

u « jmui Js ui (Al) 0 i, 



i*j . 2+13=l+0+Z , 

^ *•} . 4+27=0+l+A 1 A ibUsfcj' j^u 

j»( | 3 "/ > ) j} i„ji)i 0 i 1> , /2 

t j .UI& Ui!} .iUUJ 

‘5 (oW ( + fc) ^4 JU,-?. .**li 

? uui (A/) JJJ jijjj 

.a^(AI), maji.w-m^a 

IS .<0‘> JS» *j ^J»,5 lou—i 5^* j-iit »4 (,“/») Oi giiS-l xiid v» 


jijto 2»-i^ ,$11 <aljjj]Iks(D ^^^31 



Z=l ,0*. 51+Z=52+0 . wai 
A=i ,oa. 121+A=121+1 
ji) ( jH) ( IX) osf jj-vx* 


1 


> 'ffle+ a” | 


, ^£i UvU> SOgjUl o-i* 1,0 ibUJ 

^r+ ftfe >'’ 3 7 La+4ln 

A=133.oX.A+4=133+4(l), t . 
Z=55 .0* • Z+2=57+4(0J ..aus. 

IbUOl vJSii .< M Cs> ?**-»»»> V* <55^1 J J ?* i ilW ' 4jUS “ 5IV '» 


Rjfo+fo > 'j 3 7 La+4ln | 

'"{/ > i »jNp+£*’ .(h)»buj> 

, ^L. UiU 4 IjU*» MiSl oil ■(/? jl) L°?) OjASjy J» (zAf) *i«J 

|'gt/ > 3 %Np+_fe 1 

i t .A V oe ottiUJi >M4i /2 

.{reactions nucleates provoquees)isj*i~Aii))i^'*L)* v »g-f- actu ^* « 
. ( reactions de fission) jU^oj ycus u» c . b ouijuji 3 
. a -asii d j»m ibuji j 

./? .JSis^/l Swill 


—3 .oil • 5+0=2+Z . Z ibu-oi 0 jiii . - 
■ ^ us, ■.»*» o» jdtMsaa JIM. (Jz./)^ ( j£i) Mja <u.j 

P?fl+ 0 'n » foe+ JZ.i | 

»uuaoj£3»( M /?b)b'j»oit.^(Z)j(j j Cs)ti > ioii* l ^(A) e oo , ( b>abuji 

oW+ ~92^ 1 ; rRb+ * s Cs+2' 0 n . us, 

A=144 .oil • 1 +235=90+A+2( 1) .UoiAiiisoiogiu,— 
Z=37 .oil . 0+92=Z+55+2(0) , Ls-iiZuu^,. ... } m . ....„ 

| gW+ *g{/ » ^Rb+'PCs+2jn | 

,» ( j,i»»bujt,oSij«J) c uo(... g'nl&^v* .(C)JOiUdi 

0 'n+ "/{/ ► *Sr+ 'jjXe+ a in 

fl 0 ,..-. u,t.. M» , 92=92 . 0+92=38+S4+a(0) . w.<Zuu,.i : , ) .u j..-.,.. . 

■ I <s=3 | ■ J+235=90+143+aah^Aii^ojiUJ-i-i. 

. aJjUaJi 05O USA ) 

I 0 'n+ jgt/ > %Sr+ " s jXe+ 3 jn \ 

■ td) sa.u*n 

*%U > lHe+pC 

A =238-4=234 ; Z=92-2=90 

■^■{ w Th)r iiJ ?s»>. v MwX)ii i iii, 

i«t/ — >>4^ 

. iujjihilbUO^OIijI^A'lsSj^l >>» . (e)UlUdl 

“Co » “fe+ p( 

A=0 . o4 • 56=56+A ,vj£iAii>u»iio>iii^-» 
Z=-J .oil • 27=28+Z , V 3£iZiiitouio»i'i^*» 

lp' 4cn j*mi°e)<*LfX) ^Oj»»»M-?Ji>joj£<^j 

I ?rCo >g/= , e+>| 

. vSSlj »UUJ ^ ..*,*0 ti>» JU^AO-so^A .(/jibuo 
'I'Sb+lX > '”Te+ in 


I lu = — = 1,66.10 ” kg 

| Wa | 

iUjAH J&. ^ ^4 J^Sil **)*)> J 1 " v» («) JU~J cy U 

J— -- V) .( Iff 27 ) Audi ddicLA» l«U4= (Squill fLu-ifl} 

(M)J! C*^)o- 

IO- 27 kg = — — -.o» . 1 u=l,660S43. 1 ff 27 kg 
S /.6«054i 

m,= 9.1093897. 10^.10 -’’kg = 9.1093897. 10 = 0. 000548 u 

m = 1. 6726231. 10^ 7 kg = 1.6726231. - = /.0072« u 

p 1,660543 

m= 1.6749286.1 Of kg = 1.6749286. = / .00*6(5 u 

1,660543 

, ^JUJI 




fkg)*uz J (U)v»uo 

OJ>SJ5n 

> 

9. 1093897.1 ff 1 ' 0.00055 

Ojijjs* 

lip 

1,6726231. Iff 27 1,00728 


> 

1,6749286. Iff 27 1.00866 



(/ev>Uj»-oj>3W , .« J1 is/i /2 

lev = |e‘|v 

= l,6.10 m,, .l ; | 

Jev= 1,6. Iff n j | 


IMev 

(/Men 

. lff^u^t 

= lff.l,6.1ff ,9 j .*ia, . lMev= lffev .o» 


| IMev 

= 1.6.1ff a ) I.^juiw 


'O'**' 



m,-9,l 093897. 1 O' 31 kg . (u)VP»J5i»kto.j jkAotj 
m f =l,672623I.lff 27 kg 
m»=l, 6749286. lff 27 kg 

^(/ev) tij/i ,2 

(fr)]** 44 Uu»Aia;u^,^14.</v)^,1^^,^ 


C=3.1ffm/s 





i«=j- 2 M('lc) 

*—>*»< *C),>.»>ll uat^Aff'JOjw 
.' M(’’C) = ( grammes ) 

W a = 6,023. Iff 2 , ^ ,» 


602.10” 


•o»‘lu 


/2 % 


1,660543.10 * g= 1.660543. 10 17 kg 


(JiJoJJI 



£>«•* O* S',** W2^ 

J»U CA,,^ lol^i ijl ^3 |»4l_3 E L =Am.C ! 31-.^- JjUa J| Jj=^y (Am) ^USfc jaU - 
•«*» 
.3,2 » 

E,=[Zm p +(A-Z)m n l C’-mtfxK 1 . aaiKSjUJi^iEiSji** ,-s 
E L =[m mMm - m m) J C ! . **«,» ijMi, 




*■ v»» C=3.10’m/s , j. |£ =m (?| 

E=m^O=9,l.l(r 3> (3.1ffy=9, U<r > K9A0“=81,9AV<C&^^ 

(Mev)ji,(ev)j . *■ 
r 8.2.10-'- 


1.6.10-' 


= 5,12. 10 s ev 1\ 


eJJ ^~ • fg°0.5/2Afevl J 

E=m t ,C 1 =‘l, 6726231. lfr !7 (3.1 O’) 7 . -j. 

| E = 938,3 Mev \ . ?; 

E=m n .C 2 *l,6749286.10”(3.10 > y 
\E = 939,6 Mev\ ,f 




( u ) ja» ija. v o»£*J' 

. Wlc ( (?) tpajl ^ »LS)I ,»JU= J! *LS» 

, lu.C 2 1.660543. IQ 17 (3.10 s l 2 

'« = ~£T = ~ £ 2 f V = 1.4944887. 10' 0 j / C 2 

. (Alev) jiy') j*j j^i 

I" - - 9 TlO" * 934,06 Me V ,C 2 

| lu = 931,5 kiev/a \ . 

\m. = 939,6 Mev/<?\ . | m, = 938,3 Mev/C 1 \ 


lu — 931,4Mev/<y 
4m = 0,04047u . j u, } 

Am = 0, 04047x93 l,5Mev/C ! 

Am = 37,7Mev/C3 

EajLO = 37,7(Mev/C?).C ,**>*!., 
| EiXjLi) = 37,7Mev \ 

EuAkHiJBU tj) Ub V 

E UA =±J- ; \E UA * 5.4Mev] 


Wi* JSl ,Sj»a iiUo Sgjiii /4 

EuA^H)<E UA (jH)<EU 7 ,Li)<Eu A (iHe) 



2 ' tHjaHI 


/ii j» f j«uniji ol 
(N) ^,jia **., (Z> ^ t*i / 1 

m(jLi)=7,0I601u pjA<i» «ji »us» j o»k. « /2 

. (lu=931,4Mev/0 , m„=l,00866u . m p =l,00728u ,j^ }) 


El(}U) f jAtU i'*J illt A ,3 

•£i«Vjijnw>Ufcv-«j / v 
. ^uis. »«isn ^ ja v>» uu» j=ufi ,4 

jiff ,H 'He Hi 

2,77 1,09 7,05 E L/A (Mev) 


Jail 

<N) jjtj (Z) iup }> »» jj* / 1 

z'lLi .^maihsi* 

N=4 , ^uig, . N=A-Z , <m^ 3 . N=A-Z -oSi . A=7 , Z=3 ,oX 
(Am) yisgi jakji v i_» ,2 

Arn = rn mMm ,-m v , .^us.^usuyaias^ 

■ o4 •( m„)j (m f ) jsi fUjin ^ uiic 

= Zm , + (A-Z)m„ = 3(1,00728) + 4(1,00866) = 7,05648 u 
= 7,05648 u , 

™.. w = m(jLi) = 7,01601 , 0 ius. 
m imdtoll > m Mrlu 

■ ^ (4m) ^lisiijoiaoAj 

4m = m mUon , - m^,= 7,05648 - 7.0J60/ = 0,04047 u 
Am = 0,04047 u 

El(JL1 > M^U il»il ^J}i» l*Jj» UUa /I /3 

| Ei(/£i) - AmC 2 1 , ^luibj . E=mO ii < .ii 0 ,i---.-. 1 . atM, . . — 

Ei(/Z.i> = 0,040470(3. JO*/ . ,,-.3.-. : .i , v 

<*8) V o-*i) (“> jaa »jJi4 (4m) oS 


2»4ajll 



« UU«U' 


23 ,lU+' 0 r, >‘t;Xe + ^Sr+2ln + ^ 

.(Z)}(A) ( >.Jfe.Ju < J 5 3Ji»l/l /' 

■ • tJcuai o» £jTu / v 

, 4JU» JiS, Ja»i ,2 

m( 2 l 5 2 U)=23SM39u ; m(jSr)=94,8731u ; 
m(' 4 "Xe)=l38,9185u ; m( ( ',n)=l,0087u ; 
lu=931,5Mev/a. 


(235)r»»j»» l> .(lkg)jcu>; 

. %=6,023.10 23 , 

"Hep ^i,.** oi«* ^ aiua ^ Jj^v o* >1 o' ^ « /£ 
(235) r**>>4 (lkg)cyi uy a»4 iati* i tep=4,2. 10 lo j aa. 

v i, J i4o‘“»i»«£*. 


JaJI 

(ZljtAi^ivijUii-i/i /I 

|A=94| .q H.235+1=140+A+2(1) , w^v»-^M~iio,iVi,~a 
|Z=38| .OH • 92+0=54+Z+2('0) , ^ J «t>>i-..-.*laUailo > iU s aa» 

( , j“Ae)Uao>4v. ) i.o'l'}i*^51i»i!l. jUaA»JfiUil5» - 


il^Ot »»all*.«ai4 4411a* Ol* jUaiil Jla. Jt Ui» U» 

. ^us* o<*i» Am a»»- E=mC? . o*y-v »»«* Ja*i-i 
| Am=m( A iw) - | 

m,^,= m(*gW + mfjnj = 235,0439 + 7,0087 = 236,0526 u 
mf'"2fe; + m( 94 Sr) + 2m(» 

= 138,9185 + 94,8731 + 2(1,0087) = 235,809 u 

.^aSiauJojaSUIlaltt o"ai 



ijj. 1 .4 * ^|lS| jjjjo , 1 

JS! 1=4 j iiUa I«1 cj,* la, j UUa l«l ^ (ft 4;ii_4 Ig^SII 

o*j ,(A=190) J! (A=70) o* ■ 


o' e*»ii ^ a,*,* /2 

o^ >ai {E m ) m. i«i (“ 5 t/l ji. (iwvn) i^ai ^ 
0,1^ ojAv (“’Art y (“ 5 l/> Ji» ( fertile ) a*a»ji 4^,4* 41,4 ^*oi « .! 

< ft), (Zn o* *,s-i ^ uw ^ ^ 



£, 



M' 

(b),(a)M±/\ 

a-142 oj! 235 + 1 = 92 + a + 2(l) , v^ •4 v (^»JJ»»ii*'-o»>iiv-»' 
* = 56 jj( 92 + 0 = 36 + b + 2(0) 

(Z_=St JWyXil^'gX JS( fX) 

«■’««] visa Ba f^jUisijiin^iUXiijilioio* 

ijjsvli UIU ^JJO /V2 

, ^ U jvi fjvlj** O' (lg)j!m&» O' iJSVJ' **lkd 

200.10 s e.v <z »l 


Am = m,^., - ni n = 236,052<>u - 235,809u ; 4m = 0,2436u 
. E=0,216 6x931,5Mev . ^ lu=931,5Mev/C dj^a j., 
\~E*227Mev\ 

.( 200MeV ) ^ ^ io».t 9 &•>* jUaJJI djp. ilUaj, .uu I.g_ j 

(235) f fn'j* ( i fcg) jUaJJI iavii UUali 

m('v U )=jfc(g) v» (235) f ** ji pU 

jv; w 

^'(g) -+ 227 Mev , tociu j-----. 
lkg=1000g-+ E 

r 227x10 00 227.10 13 7f A 227.10 3 x 6.023.10 23 

235 ~ 235 “ 235 

% 

E=5,82.10 u Mev 

■ (/) Jj»J> o»(A3ev) 0 ,i JJ »uiuuji j,*! 

E=5. 82.1V s xl.6.10 l> i ,*v, . lMev=l,6.1(7 l, j 
| E=9,3.1V 1 j | 

i(i'/>> v 1 W o“ aiu v>-» /£ 

iji! ltep=4,2.lVj oiuj 
E = - 2,217.1V « 22 J 7 <ep 

>. ok. 22 i 7 (235) fjv'j* ( i <#) jiuiii o' am** oi ,p 

v*.iu w o*s Js>J 



(jijaUI 


, 1JU» i/uit Uji— 1L. (235) uttitA S'* ol 

ln+ 2 %U * ”Zr + ‘$Te+xln 

1,0 m,(Z) 

(235) «»ii W>» iiu» /2 
.(235) o* sj»>j J*>“ o2 *»»^» **>»» -t*—' /3 

EuA^Zr^rfMev , ^itaii. o*ASi ja ( Te), (Zr) J ^ji* ui“» J-a 
E IJA ("°Te)=8,6Mev 

m r =l,67265.1(t”kg ; m.=l,67496.10 !? kg 
m?Hu)=23S,0439u , 

%=6,023.10 u mol ' 1 . j>>i ijM-uc 
l u=l,66054.1(t 27 kg 


JaJI 


(*) »«*ij (2) 4»*i iW / 1 

Z=40 .oil . 0+92=Z+52+x((y ,(Z) 
x=3 .oil . 235+l=93+/40+*0h(^)^»i»^«^ojiii^-> 
(235) f *»,** &v> s?j*4» l»; j* *i®» s<-» 


Ed ! llU)=AmC ,o* 

4m=Zm,+fA-Z)m„-m( i j 

£,. =lZm p +(A-Z)m,-m( n 9 s 2 U)lC .o* 
t i u=93 i,5Mev/C? »jLu-» fii o*j •( «) J! (%) i>* J 30 c^?- J** - 


m(^f/)=235,0439u=235,0439x 1, 660540. 10 !7 kg=3, 90300. 10 n kg ; 
E,-/92xl,67265.l0”+(235-92)xl.67496.l0 17 -3.90300.l0*/x(3.10’f 

\E L =2,793.1<P°j\ 

| £ t =J745,6Mev1 ,.i~i E, = 2 - 793 ,0 t 


1.6.10 1 


nx200.!0 6 e . 1 

E *^J 233 )ftt 

xttxm.lO 6 Ix6j023.10 u x200.10‘ [J =g 1 

235 235 * 1 ^ 





m = 235# = 411^ 1,1 (41,1 3V)oSl I 
j (235; M( ii JlV »4 t *l 0 .fc235 .oil j 


JtUl4 ’g|£7 O* ( lg) iiu=» ^iL, - 

0.393.10 6 j «- ^i*o»(2 g .oil 3 


8,21. 10 w j m c 


.1 


SlUiU^wJU/E ■; 

3j»i JtUi, via, . (8,21. 10 re ;;jjUi 4iii= Wa - 

1,^ Jclii, vi*, . f8,21 . 1 O'";; »«U j>, (C; o* 2.51 1 olj 

»> JtUi( (2.5 It) ^ 4iU=» 4ill» J*I4* fig) oil 

. 44441)1 m 4««Al o«g 114} (il>»l 




- = 4A,,4S» »*»■>» 
| E a = 778.10 ,f j\ Efl, =900.10* x 24x3600 £ E m =P.I , ofl 
q= 7J8.10»x,00 ,^ q , £> x| M( . ) W 
10=2/510*^1 

8M lO‘°j <- f235) fW ii JW »o' 1* . m?-} (V2) Jij-»o*J 


|w(U)-327.10 3 g-337Jsg| ^ mf(/) = ^ 


26 Cm>uII 



'"Xe-k’e+’X 

[A^/351^! 1 35 = 0+ A ^ A ^ • 

IZ = 55| .u.iS4 = l + Z 


E =IE L C 3 Zr)+E L (' M Te) l-E L ( 233 U) 
E L =Ax8,6Mev E L/A ( 93 Zr)=8,6Mev 1<s a 
E L f 3 Zr)=799,8Mev ,oi I E L =93x8,6 ,*u, A=93 


E L ("°Te)=8,3xl40 .o* A=140 E M ("°Te)=8,3Mev , jim., 

E L (' 40 Te)=U62Mev 


E=(799,8+1162)-1745,6=216,2 . 
\E = 216,2 Mev] 


(^Uja9 27 (jljalll 



(Y)rnMi»l2 

%V-* 0 - + / + *+*■»* 

5JK -a >+ 0 V+ ' UvUI »JS»J iiaUU ^ >.>ai 



33' 


h /‘-Aja'-u/VojUt /i/2 | 

W = N e e M ^cUijn^ijuaicjiUa jl»o , 


A^fcUill ULLilijlrf/^ 


— = XN„e ^oal W = N^ja 

|A=AJV*| y [7^lAfl ^, 

A = \XN 0 e" .U < jl( lJ J < i»^.»liaJ)f/ = 0.s7! l li»ilij 
IllA 

lnA = ln(A^ l e‘ J ) = lnA t ,*lne u 
\tn(ab) = 




/nA 4 a»ak.ia»^!uij3l>)|^iiJiJaaa^ ( » |/wA = at + fr| (2J .^1 

|fr-/nA»| i |a» ,0^^y 0 Ua J i^(2J,('l)aiaUUii^ 

( 2) »*!(*» »j4Ji j»»5 07 »jU-» o! Jj* Udj 

tin j A jUiiJ/v 


- . wj)o4*»<>* 



Vj~..l2cm*Umin v », 

W ijS* s • 4cm v 4 min , 2cm * 2 min JUii . I »AJ i«li# itlili JuU 





• = i/7,2oi!.iV = /5«6j > i ? Ji (> .J,Slii l il»ll»,_iig. i 
A = 5,76 jau> In A » j/ 7 , ,.-.t.» J^i>> o>x. jj*. j; j 



s'* ■><**> fe 


[zT^1 ,^7J = -/-fO+Z 

^0- v »JuuU»a,iiu.Z = 24ol#ii*a „0- Mj £tajio*fe»-y 




I (min) 0 2 4 6 8 10 12 

N 158 1075 741 471 355 235 155 

A 317 215 148 94 71 47 3! 

In A 5*8 5*4 5*0 4*5 4*3 3*8 3*4 

A-f(!) o W<*“y/i* 

^-uu ^* ^ ji .oW Ji <*-A *+J9** <J- jWii -~ 

J /0cm 10cm jLii-Vi = 317Bq v *A 

317 Bq -f 10cm ^ 

j.-.M-.ll.i.-M J. .-.■■■. ,1 2 ! 511 (/ 

317Bq-*IO< 

215Bq -> Jf 


<<r&// J/7 Z// 


JS-3' 



/n-y- = J,/ — > 5.1cm 
\l /t ~3.7min\ .j^ajlwl J S.lcmjm 


ln0.37A„=ln0.3x3l7*4.8 ,+is* ln(0. 37 A,) 

T = 5min j»UoW,J4,8cih 

4aw»i>» 

^ ^ ,>1| . ^ ^ j»u_i 


. t"j3u 51CCJI o»il Jc -iUrfli-ll i»» ^ 

itolul dwttbgi 28 (JIJOUI 


! ”U .{He , iuj^ 

S <U» UlIUII U ! Q* !»J U / 1 


.^UoiVl jUaJ^jVl AiiLJl ^uaLuJl jjj ja JJl> /^j 

J9 \~ii * k^loji $ >^u*h jac ojfia VM-H t. s^iU Qa ^ *W /£ 

, > J IU»ag) > JoVy«-.>,,.->- ycUJI 

p-,a^™U^'Zn,^ ™Pa ->“£/- ™Th ->...-> 

s a. f l..:.yial...)...li^tfc j |>' ..K«l .-. > ^.l t -,i<iai -•ljl J ,. /! 

“U ► *£Pb + aa + bp . jjjjdiaijWijai^ov^o^/v 



= — ailUhjiuLjiib/o^ * 






JL.-UV1, jUaiiVI /I/2 



.(235 f xll,n») ™U ljUaiji ^ si Jin /V 

, ^ili a* j SjJ.lt. jj. l«iS! .IS-Uiil ^S .*>1 Sj>i! J*.* £<^W 


1 -~J 

!H 70 100 

w 

[200 240 A 

| 

is 



x -^i 


OjjSli JSJ loj>JI till. ay^USjjSlj»i M Sj > lJ ^ »t.la».V/e 

.‘IgA-. Ijl •■I*, jl ajjlU.1.11 1.1 Ij M...... fjjjljfcjl J*. JM»U*]I JSs OSJ.J - ( £, , ) 

J-.UJI jUtl JlL^il. iijli. Sj^ua. / jaJ. SjJ t|l al jA a£=Lu U£= jl a fcjJl ja 

■ SljH.-Jj.Tj sl}'»^,ln> JUISJa.)) (8 lS» jIjL.4^ ) 


Ji. .238 r J*> iy> JL** J-»1» .ijAbjill SjOl J*t. fHi J jU-SH Jjl A 

jaWo^ 0,KgJjli.^f»pijv»^ I g »» i*»S» 

3.11 = 4,5x10’ 

jsjlss jujJ uji^j jj=~» o->u jijin jAt aw*s •<*>> uu «J<ijj /i 

. X.( “C) = 5730a ^ s 1 4 o« jS» J-s-i 
Nu(t) + N„,(t) = Nu(0) J 3 Nu(t) = Nu(0)c"“ J^miS!/,. 

. a^jSi SjSJi j*t aijjlali jU4 /j 

. t = Os st^ui ,3 f ***» a<,si jjj. . Nu(0) 
t . Nu(t) 



,_JV_ 

N,jl + N n (l) 

* »•«>*"* 

N u (l) 


= -bl 

*W = 



-V 








.ajIjDaixn: M 

i» u =ig t .N u =^^ 235fj,^u^ 

m„ =0,8*5. 206 0^,11 


W,. 235.m ra 235x0,8 „ „,, 

— a - = *■ = = 0,9I3 j^ jyjUJiu-A. 

tf„ 206.m, 206x1 

(s)iuiUJi J! (a)iiJi V 

— ln(l + 0,913) 

.2*llfa\ 


1,54.10 

. jW* <2 ^»i-i a^jid ijS* yu. & 



► . A laUa^l Ojilij 
twiWntht* J»* ***;!»»>»>•* •>*»»■ 

oUiyi jttVi jl jaejMOaJi filial J*c j#Jii UI ijS» «»u - 

( IJ C0 2 j M C 0 2 ) jli 

u-jin afa- jc o^j cui^pji jxioj ^sva .«ai» 

aiv*t^!/v 

N u (t)-N a (0)e l “ 

t»«~ j • ; “^ 6 J! Jj»*> vC*— i» >'^238 f **,*» • 

* *»,*» suit ii*u Vji— ojSv J >Vi ^ a* 1 + r*99w» 

N u (t)+N n (t)~N u (<i) (2) ^ 

, »lalJI^(2) aliUll.y. N c (0) JC. oi.}* 

N u (t) = (Nu«) + N n (l)y K ‘ 


Nu(l)+N n (l) 

(3) 


I R*C ' } S j* jll / ff^p)j)ll »0%ffl^3 


(R,C) 5 / 4jjWj4^ 5u^I jj 4 3ojlVq i 

Oil Jill torn 

J* 1 -* ^4*±As 4^a-i AjlL* ow jJJjJl 

/I 

twiSCft3\ \jjuo - 1 - 1 

;i ^i Ji4 ( f /it* / lt / ri* j we) ^ag ^=> Jjk: ^JL'^ ,_*lJb jj. 

... ■ ^4 i-il l ■jjjJl 

■■Jj- AftJ 1 yr^hllj L-I il, . .S* , r k 1 1 V^S I dja."-^ a !» ^ j, J 

| |. , ( q ) aisl*j\ - 2 - 1 

jLljJ i _ t j i t j ; ijrtfl ^ A ft VT 4 Sajj Hr 

■ ^uUji ^ i ^ Ti i ( I JiT m *ii) ^ftlV 4 h 

■ -*. j.n1i !■-■■* I 1 ■ io ^ vij i £ /l f ^uu j 

rn{tj f \ J ft| J-fc jp? *LUU fc ft l~H II I 

jJ-j+ijJ yl^ZtlL [i3) ^w^aUIj J 

l( q ft ) 4_JL.- ji_4 1 1 > ^ - t ~ • ■ 


j 1 . V - .-' 1 1. 1 ^ferfyJ J-j’^-fci 



,4 J 



<3= 


Jl ^ ~| J ikk3iJ .J£s ji 


. ( Ch ) j 1 ^1 jSjU ^wAiL j J A. i. X'V £j XlcuJ^ j j 

■ ft h" 1 ?*!^ -pL jl - ■ - t ' l ~~~‘ ft h,~ ^ ! | j i ^ .ii j 

( i ) jiVijji\ «iii9 ( q ) &GS!SjGkW cid>ui ^ai cisyLsiv — 3 — 1 


il i^inll j .j jj JtjUJ 1 - ( {) jyjijl jj-wjl t^ 1 j .4)l ((J) J l fl 4 i 


nn 


H 


-?I0 



ii^U]i u hr> 

: A-JljJl ijLkjJ L> 


WcO) 


oWJ^*- jioW">* O'J 1 - 1 ** ( i_ )j (Q) 


.(i>0) sUj^L 09L ( n tauaUJ 1 ,>^1 sm»> jUUi 5J-1 ^Jtj 13 a 

^lUJbj ,( j<0) ^JUit &L>tVl ^J#£j ( f) oLi (iiiS*!' 4JU-) jV^I ki£ Lj( u 

■ i Uj£* ll ■ ft . 'uHhv 

jj=^. .. -ljI 11 j j _~].\ ~i *j ^-|_ll ^ < _ | H~i"_~ ■] ~il ■ *■ ^ if) -ii j-I-jI niljJiLh j * ~ ■ ■ ^ ^J f U J J | ‘ ! T. ■ ! J 1 " ■ 1 ~" iJlj ll 


q— It I y . b>J j i( f) !>* j]'l b r? la 








i . n ,;, "i'S 1 .1 i jEkJ^^li ^ J jL 1 ^ I i’l ,fliliJl 

^ "■ * ■ ■■ j i _y± jJU [| _ r --- _-- -* ^ "■_■- -^ "^1 

.^iU ^ ^ ■ ■ ilrt Uan* 



E 1 ft 2 Cl JJt^M J j' 

• ^ ■■ J^ l. — i^bjh^P Ja*n 



^ al-. j ji jia'. r v!^y' 

^J'laJ 1 . £ j. ■ i> j jujj'^iJi * : 

- 1 MfH> , llal *3 g ji L 1 iji j I' ^IUto/1 





R.C) ij'-dl / >1^ 



ai »i^U» 4i*a ojSi .aljall (£) J! (Ov) ,>. (M<) A*4 «<1 JUP . a 


^ua»rma»^ (q) Jt(0o,>.^>c 
= | ■ ^(£) Judaic (M t )W^.a«a. .JU1I. ijJ a 

(regime permanent) *aai f u*ji L ^ v .((/) ii*ajv uu3a*i=*i ai naitai 


»'■»■ £,jij all* /*> 



<R) ^jSdJiUJ jU-, (i) LSlfai^ 'aWoti (R.Q ijUH^ JubUH jl£ ai* 



u M =Uc ■ -asa ai^-u, ( C) us&a ow ^b*sj. pja s* . ujU 


l4Ae- l jitLol\ ( U c ) ( q) ojuSxOl ^xi ai'fs)) -4-1 j 

| q(t)=C.u^(t)] 

*q(t) 


.(F) jijUt sa»* jJUj jUi. jjasai 
, _ , ICoulomb 

,Farad =-ntiT 


lpF=W‘F . (pF) 
lt[F=l(t , F .(i;F)jiji»^ii» 
lpF-l<T n F , <pF) jijlijSva*’ 

licUU) *»®Vb6\ -5-1 


.) „ . d 

— ■■***•>* q=u,.C^u = - 


(le ricepteur) iai-Vi jx. uio ,wj>» o*> 
(R,C) ijWl -2 

jj,*j — 1 — 


I ■(R)aaayk.^jlJiUyJ-Ul» 0 U.(C)l«I*.>iaSal*.j»l(R,C)vb>>^u] 


<&£»^A>i>i) ( ) pyJV ,9^6) daUAju)V d)aUa>)\ — 2 — 2 

Uja> -1 

U<(t)4(t)&jtWU,(U,) * 

jijai Uij. J. 


■r 


J!z 


lb. iaiSaj (Rj) J(R|) cwa'J 1 i>4ia s 

,*U=>J»S (R) *■>»'*» (C) 

aiis»»o»aaii*/t 
. aiJJji jl«> J. 




, ^JUH JjxJl, iijLJI JGUi» jb»li 


t(s) 0 T 5r oo 

u t (v) 0 0.63E 0.99E E 



( 2 ) 


E = u„+ u c . 



Ji J> JJ? ., p Jjin ^ aiu. 

j jin j jin j ( u ( ) jc ^5 ji«3 i*iii j jin JijSjii >. M*iUj UiVu .-. L ...- u 



■n>>“ xi (^) j*o>»-»>^jj u 

; ^,uin Uiiuii xU j& u 

| Uc = E(l- er UK ) | , j*^u 

McWaW 

u, = E(I- c~“' RC ) =>u, = Ov , . 

« t—RC—T j»i j 

«, = E(l- e *™) = £(j- e 'J = £(;- |j = £(/- = 0,63£ 

u, = 0,99E .j^(=5RC=5rjjJ^ u 
.£ >«ixS >• 9996 ji ,>, u, j5ja i»4 f=5r aib»ui <oi ji 



w, = £fi- r-*9 = £a- OJ = £ ; k=£| 

a^ii 




* j w» oua oUmUc Ui ax* jj>5, jj*i 0 ! 

.iwa&.lCjjs^cK) 

C=2200ftF ) R=10 , n J \ >Jt ^i (R,C) i,u , ju. 
I t=2,2s | ,^i t=RC=10 3 x220010 1 ' 
ti .»js» >• 63% j! ^.3 ji ii 





J,>3 3 4*Ui jjfaS ^ jS*^. ,>. 4jl * 
— jj— Y l jl^SLJl 4*Ur. M) -W_i ij*^= »i»jl ^ i^Ui» i&H 

[1 <GBF> jjljai ji nil JJj^. (i?,C) 5jU> »*lii j*>> jt 
M r~ * Y » a^^SjU fuGenerateur a Basses Frequences) 
Tfc ^-ii < utijau.osu < a«,j.(^MJti jcji»)ji)(ru) 
K * ^oscilloscope) v-'j aii-ij, 





j, t un ( £,,) a»iu j 4£» iinji ausun 
&• U>Jl »*ila.*£]i UU ijW 



| » ( - Be - .*" | . »&^u J»a 3 oBoi>.o 3 A, 1J l» Y ia < a J )i^.i> < La'aaiau...a. 
= £ , f=0s aiaaaj^iajji^i 

u,(t) di- 


tto 0 r=£C 5t oo 

u/Vj £ f = 0,3 7 £ 0.0067E 0 





(2^3*^ ATUaUt) 




.^■ J >^M t k,T = RC e ^i 
du c u c E 



i(t)tM 


■kp 


ZL 


\ 9 ( 0 = 9 a«)=- 9 ,( 0 \ • • 

(i)JJl)iiZj (tpK^LAl)^. j*AA*dl « 



I jW UuSli b! * 

fq =/ -'l 


J**» «,YO ji>»J (1 j#ifcWI . 

. (F ) 4 iSSll iu~ . C' 

ili.i/iJiA.fll, > .pjili al»il 


/« 9-i t 9* fi j ( Q&VCUf 

"nr b- c £l 


(R.O ojlilb Sab (jijlol 

1 (jijoill 



,*>j* ,*-*> ,>. »*au» bto /I 

•JJjit iju /2 

■.►•w js>v 5^ * /3 

^ ^^0* li-j C*» (Q) v» suau» 4i»i -ult, 01 /4 

<kF) *# } ,>. (C) iiis-a ju~ /5 


(JaJI 

■O^uu o*-* 1 .>* »**•» bJla . J4 .k» /I 




.(fcFtjljlljLSlliujj 

j.>jiii (fiF) jija Sj z*> <uij ^ uu 4— oS . u*>. /5 

2 fcjljoil 1 


JSJJl, ili^J i*Sl, .*£» JjU» 

J.au/2 

S JJ> $ £»}* H 


i/Jll ^ 4il^i JJD. S Njjfe f JJJ J* » jW» b* U / E 

S ti tt . ll . - . V !•» ylH i<U^I y>»j OU /J 

SSjUJI^ jUJ jV^ll I 4ji» J9 C ^ ^jiUj iji JLv /I l3 

?U c ^j«£=VSi Jf-i J* •»*£•!' v»jfa O* « /* 

. £= 1 0 V ufa* 5 <cu(J ui «4U&> oli. isi 
r = )^F|^... C .|.|.|, aat.n n^..-.l . l -. i/ i: 


JiJI 



E = ^Cu\ => E = ±xI0- 6 (10) ! ; | E = 5.10~ 3 j\ 



JaJI 

Waib = U M + U A „ fi) . tv 

u m = E j us» u„a =u» , u M =u < . o3 


1 £=!<,+ »<« | (2J 


|h«=Ri| . j-ifjiojwji-ij, 






, ( I ) ^ (K) Jv Jit 4ii( I 5**, V (L,) C v—J> 

> ^ oj£<i (ij) cv— » w .(£) 4J»JI ifci iili. »ju ^ (Z., ) 

i=dq/dt . ijLrt,j*+„.(courant de charge 


MjUji 


J»1 j£ ( f) 3 i^m» Jv. jW 

}&* (B) o.*u J! ( Ji^u + ^iiL, 1.^1) (A ) o.*ui 
Hai, (B> jpll, jui ^uj^aayi ^ oiiu <<u 
.( A) o-*i» ^ ^lUV.) .(-g)M~ »*sw«&> 

■ u rm »s..v dfjivi' cy) 


ji y an+)^i» Cl Ar^ &>*** 

,>» (A) o-V> jt < 1 jsjj jiui) <+<?> ^ !u*a ii 
,>)l (B) M- *1«A jrfliij 


|i=OA| .oj|./=f^ = Q.o^Mi^j 




o»j¥i jiunjiU) t v~ii j jUicg u Bf =Ri=0 ju&» } u A ,i-it c3 u MN =E , j£J 


| Q^iO^c | . Q=10.10* .on C=l[iF=10- 6 F *. Q=u,.C o^ 

.tMgWU^ •*-•- • 


(RC) 5 ju., = (T)^ j. 1 / 0 , M=[RC1 ,ol» t=RC j 
[x]=[R][C] .... 


[R]=^ a [CJ = ^.cfi 

hl J-ilM = Lzl [IJ [u] 

[«] HI [I] 


iftWT/l ■ [x] = h1=tl][tl . os <?=/< js 

•( t ) O* j» 4 j»j *1 < T) o' vi* 

«,H) u.(5t) . u,(t). uM <*it **-*■ A /5 

«,f0^ 

U'(0) = E(l-e-°' x ) ; \u c (0) = 0V\ 
jjjai oj£< (t=0s> awn ^ (K) iaiaun jii at»j <ui ^ ii* s 


u c (x) = E(I-e-* / ' )=E(l-e-') = E(l-±) = E(l- jL^) 
| u c (x) = 0,63E = 63%E \ 

u.|5rJvi— 

# e W =E(J—e -** )=E(l-e- s ) = EO- -^) 

\u c (5x) = 0,99E = 99%E\ 


iu<i» aaaij. *»> o*. <w,) >a^a* a~i 443 <(= 5 t) a»i> ^ «n ^ 

aji jl aiitji ^ .vua (£) ^l^s* au*i (99%) 
.< 5 T)aa»u 


; \UJ~) = E\ 


-U^ ^jl» U-j o^AJl 



<*>*>> fr. t oi Ji* y> ^.3 ^5 


loyalll 




JaJI 

jj^u (£) / 1 

v»»i«» l>» •<£> W («<M i*«l (•&*! 

E-12V , jjou/OvhW* 


£laltt MilUi ,>• (T) oi*i ■ 1 *VA» =• 
U, (t=Os) J.jt lv ^ jJ~» 

f ,»i JSAfc c**. ^ U£» . = E 


■ r=J4s, 

(0,63E) 4*npji jyju =0,63E) at.an u»f>> u^>ut j* (r)o>>* . 2 M^b * 

JSJJVE-iV JL»_1 j5 »j Ji. J£ij 

. t=34s , jj 



U t(0 oWv Jai*i /I 

ffc) 0 t 5 t 
u,fvj 0 0.63E 0,99£ 



,-«/» _ = E..j ' j»i» ((=0si t) ij«i 


•<«, = E/2)ojS*(^/i>^'-^»fc“Vo'<*“ 

. jmU U,fO U-i'*4 v » (U,)oc uijb 

u c (t)= E(l-e~"' ) 




R = Ml tr * * 2 ’ 4310 * 1 ' \ R * 2 ’ 4 I ° s n\ 

Jl (f=5T) luj jji-.-j Uij .(regime tmnsiloire) ^KiiiVi fVt-Ji ^ iiita ^ ^ 3 ; 
_ 99 F 


( regime permanent ) (Out r Uia u*jj ( i=OA) ».—... _*i ^ o>ji ua oi£j ■ ' 

| q = EC(l~ e*)\ .on u, = EfJ- e 1 ") .piu,, g=u,C ■ ji^> i 



I 

|^ = Ll t=RC ' 


, ^tas. ,(f) ji*s py.±, ^jefm jw 5ju» ^ j=~i .tai 

, jc j-«i» (q) su»i» ijW* ,>u^lw f »“ oM 


ail T=fiC j£J 


717^ 


uilji (1]«) ipiuifiti au>At ,.t_* A 

a) a. =u,(0)=6V , u # jj(/=Os)i«iuiaViiii»iii li ^j . q = » I Cji^Ui 
|ft =u e rO/C I . C = JO~*F => | q 0 = 6.10“ c \ 


i(l) Jeie 


vAfj** VJ** •UHoUjjiSIJII 

J! <^uj>ai5H >• will* -v *i»> ■*»-» o* J»» 


ft37| 0,0067^ 




du c _ E_ 
di RC e 

Ee"' - Ee'"' =0 







\E=U,(0)=6,0V\ . oi /; J)l-i t=(k M 1/, iuji J Ux, 

jut U,(t) v 

JSJJI uu v l=T UuJli ^4 ^ajIi J^u. JU 

| t= 0,477] , iu<a own ijiij .jJjaJi 

ft iujlijl t*J /J 

R=T/C .oil T=RC oI,^u 


R = ^~ = 47.10 3 n ; I R = ¥7/0 i n = 4,7fcn| 

i(t) 4 »>i> jLs ijLi j*ii ^ iftun jm /i 


iWoWJA*i, 




u r = E(l- tr s ) = E(l- X) = E(l- 



(2.718)° 47 


tyjal - JljLoMI fully £jj4JJ Ig iksIuu 6 (jljaill 


.C=10fiF.R=l,0kfi . E=12V . jU uit . 1 jsjji, (R,C) tyjl jiaj / 1 ,1 

, u, jijai f=T 


f=™«j»^(i) J ga5^j*/ E 

(=Stiu-i» ..ir -n ij j 1 / — i /i 

5 CA*w£= f 1 5r ) T J» /V 


»!«-■)* itojj UiuJ , V Atj-V (Oi j*>j) i*Ut j! . jiljh ^ /II 

•iiii i>i o' (R.Ctijut ;U» (/) jW vii jitjMtin >u, o ** i jijoiyji 

Jijjj (B) j>ji i*tji jijinid jc Ju/jji »jU>n jiiii /I 

j ^3 » jii3*5n f»— *jJ Oa masse Jr) »lsl!v (M) >* < u>u . ji jiuit 

.(2 J£4») ^jSl oc »lj>- 0»£3 

I kj.1l-.ll r .an jiy.Wl ^-l J U 

2v/div . i_ji 
Ims/div.&jX/tL. 

jslu) ui^di ^ jj,*. ja, uw Sjuyi 


. GBF 

.i)5«3 ^SJJl £ j 3$3J> a ‘j* JJ> A,! 

.eiUiUute^j T/ 2 <t<T , 0 <t<T /2 j^^l‘ U BM iu*i -vi* /£ 

(A) l«l> la/jj Jli iUS£JI j*. U, ijiliB o» J& /l/III 

* (^sn 3ij£iv 1 b V ^ ( Af) i4>> ui ^jj y 2 jioJi, 

.2j£ili/ 


7 



*>J* jl^Jli) jbSftMai y^S£. Ur 4 **-j 3 a 
•£* E=Ur+U c * 





u c = 1 2(0.99) => |u c = j/.88v« 72vl , 0 j 
| q~u,C=12.1Q- s =l, 2.10^0 | 

,5t=5. 10 2 s s r=RC=10 ! s _ 

u,=99%E J u,=0, 99E u+ii (=5r4wn v i ju, : 
^ oi a, •, . j u» . 5 t mi jj* ^ aatji 

/p'p) T j> 

T=6x i ms=6ms=6. 1 (Hil 

,u->uii > ..u- ^/^pi Ui 

/ = - = — ’—r = — = 166.7 ; / = 166.7 Hz I 

y r 6./0 J 6 ^ : — 1 

■’. 3 .^■...>. J i r ^l .l J ^--.a-.A,> i i ■l J .lii|.u. l .i-.^a^.i r UtlP. J r l^ 


U BA , = £ = 6v , U,aJ 0<t<T/2 Jla^ll . 
Ubm= Ov ,u i 4lT/2<t<T v i.>Mjb-» v ». 



H< ^.rfSIl J»I»U *i>a V 

. <lu s E= 6v s t=RC =10 2 $ v> u, = E( 1- e " T ) a 

|u c = 6(J-f IM 9| 

| H, ° 6 r'-l -frjm 




■ U,(t)^ 

. u € (t)& . 2 „i»juii a 

rllii— ' /r 

ji jwio- jx# j 

. 0,5ms/div v * v &jA)iijc.a/ix*i~,)n, 
T=4,5.10 m, s . <o<) T=4,Sms ,j\ T=0,5x9 , i*u 


= 222Hz ; \f = 222Hz \ .j 


£»a 3 


l£=4v| , E=2x2=4v >v a 


L.u iJJJ a 

■ M# ft) 1 ^ O* W>i 

u K (t)=Ee u ' .Lgai 

u k (0)=E .os u ll (0)=Ee °'' . 


I /,m, = 0.QM I ■ J 

T^cvlla 

l ^ljfa a 

•(T) JfM(/=O5)4#JUi^50alaaJ>^ 1 jl 2 >aill <*— *1 

T=0,5x0,6=0,3ms . ...ra >! 0,5ms/div j-u, iiUi-wj 


2^!» 

, o A u £ ^. 63 % iu^iii u, ^ f >.>11 J» ( T) oi 

= 0,63£ = 0,63x4 ; u ( = 2,52v 



£*» 4^i >. R ^jbd JAUI I Li,!, U„ jijill >JLS JL n*i . JjUl.ja 

Oi^juji 

.(O-iH jW .l»Ml J. ^1 M-» 


C <L**i OjUj T R UlSi T=RC SjUjdV ,jU»3 ' r )*W’ 

. tj>Ti <= Ri>Rj^uj) T2=RiC j Ti=R,C 
,(t=0$) m*»u $2 } 1 
. R Jv jJi* R, j** 1 . t,>t 2> 

. C 2 iu-» .Ciiauji, 

fccWjH.W 

.iiiSll jjjiij 343 .iilSll ,)jl» JS* H<ft 

,}> ow vhV ft* Ua(0 ui . vji»ai e*v 3 2 Ji*. , 

1^1, Ji~o« M> Ov 3 E jO^iS 0*4 .Jljli 

iillll j<>i3 »*>• Ao 

= TO^jjJl^-ioS •>«.// O' li— Vi . 1 *0^2*4 a 

V M, 4iw» .uus aitfD J~i3 

Tj\T/2o.4 i v iu#.,jjj> 

juosii 0-0 o' ^^3 jw^»/j jj'»^ ^MW **•* J3^' ■ 3 j -j 

5^, V Aw >-> £,jJ» ov"* to*** »*•* ^ <•»■ ■ £o* J* ***» J' 


ia»l 0 *l auubg' 9 (jijoUl 




i>u wJ-ai ^aa W» o * ■**•»* 

^lUl i/sO-l S-ljJ 1*0 ^J4» »33»5 

SjO $ <£,0) *lwi (V.O v$trt2= ji*" J34^' 

* <R,0) 



Ip^yu l C=t/R | pj| T=RCol|»Ui 


I (jU>aj (jijal > 8 (jjjolll 



in> ■ji/.^vi «-ij au-i,,. . j-i--.» _i<- .j.. j ^.-x. : a i-r 1 

.C=2200iiF*A t aiic.(.C)^££>R2=40n ) Ri=lS0l)&iUji~j s i*ja, J^-'o* 


jic.*ja3-uiiR»^ioWJS3j»3i ,' 



. u a ( t) o- “< W v^“ Vwajfcij**/ 1 

■iiOSLll *»(> 13J.O Jfc ^ j-. /v 



5 auoijoJi » 0 & o - 1 - l -~ -» 5 OOJ 1 ^ u /4 


JaJI 

J^» cJttjl / 1 
1 ^sOl9i>*P • Rj 
.2^0113 jjijj R.> 


SMj v _ ,,, , 

jA /JvVf _. aijOiL-il j. 


Mm if 0 iiliili «■>»! /,. 

Oms<t< 300ms 

4i«i «UH U2S> JS. U r jl «8.M jijjl jjlai 

500ms< t<l 000ms , ^u» ,>» a 

.(^>1 *uii siiisn ,$> as. u r a jija 3S bs ji~ 

■2j 1 as*^»j#as.iai«ii» Ocas 


(a«=H*+H ft) 

Umi=E j u=u, 
< i=Cdu/dt & i=Cdu,/dt s u R =Ri aiu 





-j. =A \ ( 3 ) .J ii»a*a*»' A * Li,li;i » sdjU1 'v*» Ji 


. |A=E| J | T|=ftC | . j^i(3)j(2)0!5i>i*Uas 

%*L*Ui)i*bU 

u,=A(l- e rU, ‘) y u=Eft- 


r^fiC^^^vtui^bTia! 
u=E=l2v^s~u i . ((=0)»ii«i!i j 
Ti=50ms | • 


C = % = ^££- = 2 00 . I0 -‘ 


^4 1 u^syi^ auiiju» > ^, J 

u aai. ( WinLabo2) S* ^ ^ 


1 V»j» /I 

'ms as3i»u jyj .1 ja>yi, K iul^m (/=0S) iw, ^ ,i 
ua= UB.uf/ j sjiLi. 2 j. K ^ t ; =500ms 

UmCO ^ii jVi , 

-•^W.wBJW 

,>»ll loci) .yuOll ay a-.--" JJ 

i=£|.u s .m=h J lj-ijiv «!*-.»- /fui» ^ /I/2 



.SjU» -Lu.jl iJSjj ' -JOj OMS T; 

.ly^uisd/v 

i*»ii juiai iauat i*ai. BM >« ^iuu >ai ^u» /j 

. BM. . m^mi 


inia* 1/aovUiijj. 



2^^ /II 

*•}' JiW (AB) j,U ^.jSl J4U» jV. J-iO-u 
<U £*iij 1000 Cl AajUt* ji.1 

3 -VJ?- O' Mm, ft) jjka 1 

s 3j 2 jaijsyi ^ Ubm (0 as. >»* ** /I 

. T; a*>i /2 

•V^o. iu*ih a/isoy ** a* /3 




10 (jijoill 


ay** 4 fif ( Flash Jy. 09 sujjj ya 

4 iu»»y>a u, = 300 Kj^$i*sb,«fc 1,391 4 )Uii* v li«^^u l >u J » v ^jl 
iyu afaj* iiaii »o* ^ . C 141— iii. j«j 4 *rc» 4 *ib,^a 

I JSLih,} J^>J4 y, ui.n, = 3K 


= 3,00V J< «, = 3^ y. Jc 0-1 4*99*111 

K = l*n . C=I 50 //P 
? (ijW y* ) j*au »*ij>sLjyi i jjy j** ^s= /v 1 



*iu. w^> 4 *j>£iy\ ifji ,911*41* E m ^uU^ii: 

?a,j)>s>u/aJi»jiUt>j jiu^iaUkU 
liu 2 (JS,^ ) K, M141 J««i uuc /.» 

So-c^i 

r 4* jo. ji jiu «j *9*1 y. oiU)» y jO»i /2 
a: 2 Jv. u y j&s, 2j*i» $ 5*9. * us. 
.ytji yi**» y»m ,$ 411*11 _** u c (/) ,31*1 Ju~i } / = O.v ai*a» 2 j-j» ,$ 












\ 










\ 





















\ 











s, 


















> ( J y-i* Jb-i' ,$ »Aiiiai aijui, Jlw j ,, 

4 UU 1 I Jbv>U .yli.*^ £,ji i *>U- ^ 44 X 11 JjSSyu^lJULiiii^ 
. jail 2 a^LbUU 4bu » $ E -*0 j»»; ji u,..=0v. ,. 



3, 2 j UjmC 0 JV^I' Jiv j>* / 1 /// j 

4* >u) 4 *uc y» 4*1*9 . Tj = 50 ms y a *“ a.-.i.» r, yuyi *,iin 2 44* y jy * 1 

y» 4,^9 T:=200ms l**-> J 9 W y j J ous *4XU 4**449 yy y*u* y> 3 44 * 49*4 u .1 

•UO^> 5 »o 9 Sb»Ufe.uuy S 4 i»o 9 Sb 5 rvii«ai& > >.^ouaVi i >i» 9 y»i!iy*U 4 . - 

| Xj=200ms | 94 -y-uJi y* jii jym i2 


r’ji,45» .5*15 4*4/1/2 


/3 



| f= 1,6.10-^! jj|.(jjWiJ£i»Ju ( i^ J iii,) , = r'= 0,00l6.v 
•O-Wi <»~J ivj^J .44/>>» » ji _n.-- .-i f j* ij.i-t .-■■■■ 

1 1 1^4*41. 41*^ .**5^ 0,37x300 = 1 1 W 4 0,37t/ rOi *, 2^ 

• r'= 1,6.10 


= J?C = I 


xU.IO- 1 


i>^^Oa s .l«i»Ml^4j^^ > w>i»i0sii4 J >3 0< j O i a iii»i.r>> r’olliOk 

OjSi •»«£= 45cUa5-l oj£5 .Cl?. Jti*. J 445SH 44U» ^415 jiu )U 

G&luJip 

»i5£Ui#>5 4>u ,}{/,.(/) jjioii 4J*,U5» aojUUjUjf / v 

tu c +u,=o 

K+'j-o 


? 5555.5 uu . r owj *4# cull, ^ ^ ^ ^ 

»jl,c J*ta55.«--^ + U c =0 UlUl, JaAU c (t)Sj^ 4*LbU4JI4ljUJI Jow/V 

^ r 'j “OMOjU/E 

juja u„4*iy,>..i£.i5 

(JaJI 

. K, U.U1I jii? u?) ,!*i jhi n ijtoi Jiia /v 1 

63%,,444S1i c *»4u 

99%*445£ii l y*i5 ScchO^J • 
5ro?jJa«<lt) 
/ = 5r = SRC 

C-l50pF = ISO. 10 "* F = 1,5. WF j /f = I*n = 10’n .15*51 
^SxIO’xUS.lQ-.ojl 
|/ = 74.1 Q- | i-0,75j| 

45>ll 4ilUi /J 


U c =E nfii / = 5r»t3j)i $jSl 
U c = 300K *i.j £ = U, = 300K u* 
|g*=«.73y| ,£ <fc =lxU.|Q-'x(300)^^ y u 

.44501 ^14Ht.ja»a v )Ull,jJ a iJ U C =U, = IV 0 K| 4*.)>£I)<I i,Ull Lx_* ,1 • 
£*, = ^l.5.10 4 x(3)' . |£j, =6,75.10~*y| , 4,11511 ^114 J^>i a 

■s*»4l I***,# $ 445S11 4iU» £>55 .2^,4 $ 4I4> U 45 £ /.» 


(R,C) JjU***. 









^ jUI j U 3 JI 3 *i*i j>aj 




***"- J ^ ufS^p iiJ-i - i-i 

■ ^llU a » S l lAL‘' l J - Jj £" ^ Tp-i ^ l 1 ujjUj '** 

4 if ff J ^ j-njJ’u ^ju'Liu jil 1 ^ 1^ ~ i j~i L a i j j 4~i~i ^ ti.n 3 % Ji=s ^ 

j'lJ V" njl l ^ J 1 jf «Lxl>. l_lJl L|jJ_L-^ aj'ljpuk—l -j| 

>* j - 2-1 


4 L 4 jljL # jjhj L - L£l j j 




ywVA .| 

i * T _ 


j_i jJ 1 ^ A t j . .v fr!-i J " i 

.fry allJj 


.(r - on ) itfiPjiij j^jL=» ti! ajli* l^i] iu*yi 5 jt Jli* :^U1 WVl** * 


^ J J J ^ 1 * i « iJW - 3-1 

l^iAjla /.,1'J ^ jlH f I ^ jLiil j-Jul Jftj djMij! ^Vlt'i ■* 




c j'iilJL 


. ( AjlId *]) Jl ) j -1 JuTS - jJ "! j._j '^1 J j£j <LUkU jjl 5 


N 1 * = » 


( A ’ 

: 4_La 3 — W jLi ■■ j- "»■■■..■ - 1 -.L_-_ll jjL>. jli ( I =^lub) p *juJvpltaJl jjlj- j ^ 

rfr 


. jfl-ji . Jj’J Lg . fcl -*— ^ ,_S j ■ - ~ h ~ i ~i j i . . jjJ'j 


ijSjS- 2-2 

(i* induction iiectromagtteuque ) j^J> kiuJi ^ j*> 

,14^1^ V* {T auft? - induction ) ^juJi 



( i* ,jl > i ] <tj*Z • 

1 ^ U^S AJ^>J ^*4 

. I ^ .1 .■§■■'■. !■ ol jLijJl A.1.1 J,.jflj ) ^jLolCi r |Jo JVJ 1L3-K w <Uu J * 


R,C) 0}\jJ\) cupl> cjjjVjqj 



u,+ r c^ = o i # 

at 


rC'jt'X *. iiHj 


or 


<«/ 


^ f ty c - a ? n jsljji ^ ^ a .. L^i a ] a ? 

■ - ij'j jtsiSjUii ijuiiaii ^ 


a 


r Ajjtai 1 ! /£ 

r‘=<* i jjg r , = i'C^^i^ujii 4 # j)^.jiLjiub.^{r t C) SjtaJi^i^ 


4JiUll^ Ai^iJjaj < t/ t .(|) = J'jill Js* ol ,>» ^SJ /j 

J^h j -^ -1 Aj\ Jbuja -^ J ^ jjl 

„ „ 

a — - — + U c -i) ^ AjL^Lixii WjUH 


dt 


0 _™r , , 

— e 






iLtlLLJl 




« 


6 r 


0 


a 


+U,,e "*=0 


- U „ tf -'“+ y „ e "'" > = 0 


1 *■ A _ i 1 1 r>l rfiTlI aJjLbIi j ^uj ■ }•■ ■ 


....0 = 


Aaajva aJ jMla 


t/y ** jJ jVw ! 

(;,.(»)= i//’V 

[£/ r (0) = t/,| jj( U r ( 0 ) = U„n~° UjjI I aDUbal*^ 

( f = () jjjjijl ila^J ) ^j’ ll ll.i ^ 1 - it+J 

—£■•. — 300 /' jiLjjH ji^ Ji j j ^ ^ 1 ' ^ ^.' j t * 11 ^ i "-- *■ jj 

= 300 ^ ^! 


j I <1 .jjjlj jjl jjjM Jjfc 300 y 











*I- B i 




) L = O.IH Ifi^O a<J, j , ^ »i)>. a^iV^fe Sjt> .*^3 ,}»»i 

.KiloU, R = 5IW2 ^,1 jib .( r s on ) 

= -zif.fi ^.(GBF )zififa uiiii. ^Atjf?= Jlf. Ua-i* fix. 

. / = 2000Hz 5V i#u*i ( en creneaux ;.bbj J£b jAi*,^ 

■ <•.—» in-'. 


v farfBjiJ3A* ( wyy,,J 

.y # JijlV K^jSfiJibUJ-v * 

$ -lALb UU . K A*laUll JlA JbA . I Jlj_. 

S ji>»* ^ y, J y,, jjlijl) 
M »<„ ftii y, Jiuli ^ j,i , I v*f • 

U&. (»»J^ .apjs w l«», jjJi) GBF JljU ,)> Ji, f {^,*1 Jib# + 3u*3j)) JjUl! $>. 

.1 iiiijllijtj.j.j* 

U,=Ri Ol» f jl 0>1U s— .J • K OH «» ^.rfS* j3j3» y» JiJll ,}jy,u&, 



^ f < )if j* ^-v ijuii ^ jUi GVjV^iJi^ay,^^^ J>ui| Jjaiosu,.^ 
I ii,u}!b ;-b>* jA 

jwJbji j^yi jbSfjuifLb^ j*a>. I 



2jj_. 

. £OaU«fl^u>j^jll jA U AU (t )^*li>, 2^if> • 
■<G« = 4 

=0V jV> I, <)<<,JUHJUl 4 



-OK^oWOi 


14*Vi Uil jsi .Gjljfc j» ^1U» jlf3# jibb* UaIUi |CtJie4 

Jc -JU», toAji J |«ij .£»J* OJfi* jV— J*» S«J' UA -0»fi» 'If— SAJi >> Ji*33 

tm 

V^tjfS= IjW jSJ JttloUJI ja Jx,(! =0A) Uj*f4 jU. a!^l jlfi o! Uljif Vffu 4 
di/dl) Af*> *a*3j ><3u jf Hi Li>— 


= -t— u 


A .>* fly. jjj 


■» »fij» o* . ^ u» jauji jAfj-a UA 4 

ji^yi^i. /■ R,L) ajUi.' . -|*>J 

(Jt./.jvmi^4<>-l-2 


jli») 0.63 1„ 

. ri»*l lyaj iiaijU »L»u» jjuo « 



.(os‘> | .VO“i , 0' i, * 1 ojJ#)(>* Mi ,)»!'*• /• itU)U4j&)x» £ty*aj (L.r)i^f 
. R = 2WHHQ Jiu « 

.1000Hzajup(+2V ) jijiUjij* < 


“*M J »J« jl«lb! -Lf> < 

y, Ji-jlv ^3» < 

jiunj-y « 

yijblb j>jS»*,Ujl(/om<iisc»iisa) M « 

(JSi« 


ji»4 Ui.il, „ ^jih JiUl o' -0 «^lo»» v lLlU.j Jic ,/I Jj-UIJ < 

.0=u m J*iR = 10x lb- 

.(4»>j>^i^i.j!(lt W jlV s J() u iijSn,al >al . J1 i GBF jSyti B,A o^SfedlfeOf « 
ol .(GBR a masse flollante ) a«iu° as, GBR -ii*. _»--... .1. >w, 

v B j /( jsli-jli W-« . I Jiy. . 


*" ro 


LL_U 


'' ■'• • w 





i,u»£.,Ui (i ) ,Wi SoO ol 2 ^ t, 

J* ,yi=J r/„ =/ t >^l— » \yu,i 4^ y 
lijm^a ji (7 = 0j>a^o'.^j»*»,j > B-i 
M 

U^M (u m = 5V),yik . II «U*i »«jSj3» Jl* i! t,t M ,) l«U-i o«i»5U< 4 

o* >a, i! n,iui)) Kar^j^a jjja ol 1 o' ii>-v /2 

r,»wiio-“^ BR aw»M JRau^ai 

o' Jl *iw* o' o“»“< ,v»j2 o~iii o« Wi»si ■< 

j>i-voj(.^,.'’,7 C/=0/(;f^ 

:24*#i* 

.'tUaiil ^ y jVjill jljJiJ J rfj- >Ull a» 00)1 J» 4»*0}ll 's?.} o! . 3 • 

Wi»! yya ol uih»vi (RVo'J 1 J4W »^hU> y *Mla 

JSO W JM JSJ, Jl«UUi*l£Ooj£<J.'<li»> 



20^1^ 

**1^5 «, = R» ijUOL, K.yllf^jSjaio'U* 




= l V=***-» a J^s 





u„, l =100ml'xl.5 = l50mV =0.15 V , R - 1 0000 .L*d 


. II J„ »J </UI 



Ir-ZO^tl .4 T = 2x0.5m = l0 ‘s 
a = 9.10‘y.s-' . <i.j a = = 9000 V.s ' 


\L~0,01666H n!6,7mH\ i>l, L = °‘ '* * _ lf ^ 1 L >jW: ^ 



j— 1— =» r *. t J 

jiiilii, I 5-jJJ k'ukiajwiU^ 4 
. } ^oa^fUi.(R.L)ijU») i 



A-U«| v^fOoW Cl* *>• Jfeto . 4 jij- . 
sjjuji CSF » J(v aai jSjsji 

5-V V-»J -uiU^Di ijUli Ji ttrjX * . 4 -O*. . 


. G'^/' jj*UJ 1/ iA j-.j-H JC.LC, i-u-. i r •■>••-. 

^111* Jti *j jW O * 1 j! v 1 ^ W-*jg •Lib*-* U QAj 

js-i Jx J J#* jii34* 1L1U o* . 5 Jiv- • 

«M> = £ — OWjl»Oji'S 

i = -^- o\R » A u =*i o*Uj.5^jr* 
““ = d/^R* •**&***<>*** I**** 

.^Aldldl JiiH ^ j* Ji-u o' *?-'>-! J'S'VL dU) .^u jUi. fi 0 s1 





i = f<l)o W»i— 



.(j£i»>a)i = / ra =/„ = — 

JjUicb/2 
■loW>»l ijuaiijiJ 
f/f./. y SjioJI jc;UJI£lUiiyU.II 

i bW jS> • JijU o* 

7 K. L ) »ju» Jin jbi» ui jjlab 

■oj . j(«a (jijii uc>i mV) am..* »u«ii j E-o 

^ *« b- (au<» fjal. Q ^jVi Jjbli) Qtt J»> 0>v j>in w ,>• M-aa 


Irfi « + r. 

I * L * 


= * H 


E = Ri 


( R.C)ij^i\ i)b. ^ bli. U,lj J jll JjL j. 




la >y j } in j. imu. »J 

E ,. 

Y+r 1 


i = -£- r (l-e”') .1 = 0 S u. 


Oit bio*) .rfli* V jbill oil «<lt} .Ua»ii jbiJl oA ( I - Os ) iuUill jli ilia) J J ili, j 



ibai ioai j* 63 % = 0,63 <vji— jb» soi / = r iw» $ ji >Uuj 



W%J!ibi»saiJ-iJ = 5raii»Ui^oi^ 







. r = <W 2 i* Jl .y>Jl) s*idl 4*4j» • 


«•*-»» v*> OH ( n t >>»J • ( i, jLh» ill CM «*J' • 

.(VJivU/j&jXlHi.Ut 

.(AI+jL&Kxi.i 

■ ( (2)l JujUu > r 

£ jUol< >>. i'ji ojJ< aal£. Li! .Aav=-= AiVjJi aJu> • 





J! / ^ I*ii ^ ji^oli (R.L)bM ) jW» £U«ia u* . 

■>v» chjf- t~-i <M- <Wj u^ta u^Ui iyiLi* oV 0 Ampere 






.B.A 

•U«i» ja». r.L oWtai^uU /2 

, <iji WV>«*- IjW d « .iJSHijII ,}> M U , H jifit 5jU£ bcl / 

■Wi, 

. , 4UJ, jy UjU^, » jU j 1^,1 y. L .u i.4ii itiu &ji*£ u 

l ^ T ^-^ 1 a.r>^ 

■(H) 0>jj If jidl 4ii»j A**!,* iujli* »i r cvUl! 

.( H )Ub>j)|^fi 4 ii|4u>,.iu^^^ ! jij^ L*J3» 



]E3 


— - = 0 f jhu* *a ;:« ^ICJVj / =-’v 1n lT^ i j‘*-^ 

So*' 





(R.L, -1011^/2 

• JflMl JSiH, M1UI ijU» Ja* 

*1 

t’UalU) j Vi» £U»iji iJl » 
1 (2^ 

</**»» 



E=u l +u, 


■0 = Lj + ri + Ri 

E = L^+ri+Ri o*U 

* 



= L^jj+(R+r)i 



^frrH k>=4/-£:r' + 


*ju-i ji' ^ 4>«jfcra*ll <lUaJ' /3 

RSi 











E = «, + »„ 

,di 

u, = rn I.— . 

' ■** u„ yiVrfi* ji»s* »M o' us 

*-rf+t|+ir,- = flP*rX+l4. i 


i(l } ,.)U-. ^u.-.^-n ^..l.xl.H ll'l.li » i». 


i=l 0 (l-e ' ' ) 

^=l 0 [p-(-y, )**)-■ &•** . 

E-Rl^l-e ^’ )*L—e / 

£' = «/„ -RI a e x +L—e~*’ 


,./, = 2xfl.J = ^ 





[R,L) 0)\dV) 


l n /£ 

\/q=0.2A\ Jj^ioWJ'CK* 

/ fl = — f£ = /OK / a+a j* Javo ^ 

R = r + R' = 50t2 & |£ = /,<| .^ 

E =0,2x50 . |£-/0y| ,j^> 

oW o* r£Uii-i« 

.F* laii^ /„ =0,2 A ^iiii ^jiiu 

\t = 20m\ ,Jh t F au-.-.l iai-i» 



! i.j.ijOfUV j...~ 

L = 50 X 30.10 ' ; |L»IH| . . |1. = J»t| <u.» r =— 


5 Cfc>>»jJI 



E=R1,-Rl^' y *RI c e y 



i=HO) = l,(l-e*) = l c (l-e , )=l 0 (l-l) ; \l=l(0)=0A \ 

l = raiaaJJl,}* 

lmi(T)=I,(l-t*)-l,(l-e‘)-l,(i--)-l l ,(l — — ;. 1 1=0,6321^ 


i = i(5x) = l,(l-e M ) = l,(l—^> : |i =0,9931, m/J 

plain 

i =0.63l 0 l^if*£tij~il>jAU*ij> T 

i = 0.9931,, jba.yi5rUa*lit5‘ 

>’, Jj-UlQlpWi/ 1 A 

E3'— = b '- 

OW a>» 0“ -'WW-rfSlH Jijili U*U« 5^ ^ JiJll .(Jnjli 5 

■ liMiai, u oIUjj . ft •uudi 
'WoW UU3 ^ i( ST), i(z ) 




i = Ae' ' iioUlu 






«, = *( = 10x0.25 . |u, = 2.5K| 


U 0 J*3& * 

, ijUft aljll J > Alo*J Ju jUl» ^>3 JV >i*UJ Su*i ,«laci Jin 

■E=2l 

r w^UJl Ji*L ^ / = 0J j ^uil glalU AkOJ kLoUl ^ 

■ tf—x- 2,9ms .j4*ioW»t>»j 


0 Ji 




,g>i ,Vi» V#»i ^ 




Jc JSLiiLr^,^ 5 iU^= 

1 t, it, .«„ .i*l,i)l 


• t*n(t) oW^lMU^OvW ^ 1 


uWoWI »„('(;U>Ulllacl/J 


.31^11 JSiH, SOiUl SjUJI 1*4 jW» V>-» ^ V* jl J»u Ji> 



‘•“-[hi : l 7 *-- 5 ^'- 1 ^^ 

id ) j& jW ; k^LbUUl kbUll gl l>i-» /i /2 

.kii ^ll i/jjl jjk. 2 K kalattll Ja».U£ 


PF3 


rl+L^+Ri =0 

L ±+(K+r)i=0 




6 |jj)AjJI 



KjSjWc/2 

#, =n + I.-jj iv > ,$>> jy », ji j3» S,l*c ol !>U 

«, = Ly .4^oAy^vM(»- = 0/2)»l^ri < iA J ii.j|»A ( )a.»»<ij>o | UAj 

. |t^=Ojjj . *i.j L = 0 . IH f L = lOOmH 

. ^A^jijAUAUAlljA^yvy-^AWAlVii-AloiHji" / jl*i» JM' ^ $ 

di 

di . <// d. 2-0 _ 

U, =0.1* =0.1*5 : \thTo^y\ 


/0 i(l) oW«A «„(7; 0 i*tf e i,aui 
■ y«i» 5“J» U~. O *li 


«’) 0 

*.(*) 5 

i(A) 0.5 


0.18 0 



i | u,(,) = Se*“»\ 






u^+O.SV 

«i = -0,5V . 

u L -+0.5V J(0,8s<t<l,2s) • 

u L =-O.SV if{I,2s<t< 1,6s 

^ u^a<iu> sjS*) * 

“tf/Jow/4 

. ^iun& oW* j juiu Ji 



•<"l crfneawt Jt jl »,//jjW'OWW 
jji j u>ii E m >.... L .v.i.iii uu / 5 
/C. =-L»* SjVJl, Jms 

|g.-jx/Q V| ,«,£. = t(o.l)(2) 1 on i = 2A\i+>l i, = 0.4s ii—ui^ . 

|g. = »-/| OS / = 0/1 U#J /, = • 

7 LH>^» 

\R=10{2) iujli., /. l«*lu 

.( 1 jtlX) i*» jUi ji^ai ; ijui> os=, J>JV U, Jhje* jsjSi ij»ui 

■ is u, osD£- 1 





v M = Ri j» u Hy , 

u ^ L l, <U -f h ^ u ' 




FFFI 



u,=2x2 ; |ii t =<^1 .ex2V/div^ ,,, j yi»iuj, w— >pi W} 



i .walw>“* * Ji" -<V9^ 1 J! **i» >• «»« o 1 *!•»■*» S» 
.^uSi.<J00»i>'/<//V)«liMi 
Ai,^ = 8x500mV = 4000 mV = 4V 

5ms/div*&J ) j Al = 4div *Mful 
At = 5x4ms = 20ms = 0.02s . oS 



|£ = 0.2W| 


lv>i. 



T. 

7 JC.1.H- ...^ . 

' 7 l - il,: L.J-*./ppiUI. 



. ( diode ) 





. d> 

a, = L~ » h„ = Rt {* h.-tt, +u„ 

U « . k| 

— + —/= — 

iuLiUi> JJjUJJ J» »» i = l 0 (l-e ' ' ) JjAj&Ul/l l2 



, cy, ii!>. ip jefc- J! M-Hl -u* W JUa* $ 



,K=5fi«i. J li. v . J IJiU. 


. ^Aj JSUAill JH .^1 £j>j 


jUi jl*i!i sjul pp\ t y t 3 p Jjli-ju & ypAi pjjWjAAlpil ^ Jiji* jUli! • 1 

•‘jU»J 

AaP.)$ UjiU iilUI ijjiltJi SLJjj* 4 

. aiiSjll jl>i4Yl ^ iili Jc . 1 ja«li JUV /2 



>s *uj£ jija»!ii|Wj w^^ji a /,» 

0, ls/div i ^*))i ju»U 




u M , = 0 V . «,„ = £' Jjin Js j>-«. 

4 Jlfl/lj. jij—j, Jj>ja *3^4 U* /jV».ol ^ s4 

» s iju M-» 44— 3j I 

-: I cj— U /„ 

»,2 j— II 

jW u r jjjHvi— 

^IwjJCiSvJS— T I 4—illj- 

T = 50 xlO’ ! =0,5s . 4 rHOJs/ div ) iiu* n j_ii — 4 ... — 3 
/44«vl— 

\f=2Hz\ u.,f = i ' ig _ l Qllf = j I33JJ 

Ji>jj£iu4 v i_» 

Jc. J—L— * ji— 34,3 l,5divj Ji— u AH _ J ii»Vi I v ^ai 

\«s>,~.=9Y\ *} =«Kx/.Jol4^^Ji4U 

|f »>K| a* u A M_ = E 

i(l ) J iuUitMi < 0 >UU £>— I 

"lU = «.» + «•»/ f >> •■**&£*■ Jt iUv-» 

='•/ + )«.„=", = iW , «,„ = OK ,1 «,„ = £ 4. 

. Ji 

u At =« L = L-. < # 




*“*m‘**»u* 







1 04 u*3 .aib. js. 

L —4 5333-13 . r 

j)<; » ^ ojsa<,ai«i 4 o»3 2 44.4 4 14—1 1 C feuiu 4-3 11— Si 44 /4 

S »f'--> *1* -Vi J*.* -t ml Mjlj. 4 

.4433343 h = 20cm uu m 4- 41 £U3ji iu-VHi»V /5 
. g = 9,8N/kg ,m = 50g ,4-3 


J-ll 

4*4) 4,41 4 j 3 » 3*3 j,ja JJ 4 j 3 i— / 1 

ill ) 44» &4ij 44 ** 4 J 3 JiiU J* 
«*44 U333 Jjjl> ,J> J63 U M 4^ jUli! 433 . 
33 US. V ( Ji-alt 4S3I3 . j 43 - all a»la M j A 
,j»4>JSAJl3C4.3* 

4-i4y 5 >ii jiali, ^sHi Jiu# I«,j3 433 »ju» $ jUi i(l) 433* »xl ji<li| ol US. • 



oU-USaKw/COj /rO-^l-JiiiUli— — jD U su (l)J> ‘( I ) 31i»3U 4U3 31 4*3* J 
• HO *tii U-i3 3UUJ J4 K r/ ; » 3 >J 0» * 3^3 . /f 34 U «333 — .1333 a 43 S 

.1 l—4b K iuUUll J—3 -a=o ‘43UI3 • 





UU= J! »iU»» J<*»a 



E, mgh 2mgh 2*0.05x9.8x0.20 
' £„ / //( ; 0.35x(l.2/ 

fo»38,9%| 

• Jj» J»* SjUH^iUKS iUJLA* UlU, 




/,e‘"^AT-^^j = 0 |f, = , ^y| 

(/— >oo iiucu)^^^] l p e*'o a 


ft a 






H 5 - s Q] r= l^F ~ 50 



E-r'i = Ri + L — + ri , jlufi. 
di 

.... |£ <tf «+r+r’.| 

l'<t)=l' r (l-e-*') T = -7 + — T — ' ••*■»«**» 





*=j^; ^ *=7 o>j 

•Ji* a*>» ^ <<ic ul-» u u»j oJi 

/, = /„= ^7 v*J -jW» *+>i 1^1 Ji* /, i,U» 

AT = — = — — v>ii* Ji*< AT 

j^Uft <uJ - ■■-- ■J /J 

{/„ =2.9A' tf ft 1 v iW»i^»d',y 

U, = Ri ja 

i = / JjC. I jU . U, = i/„, ^Su^cl f, jjE U- iiCJ 

|/, =^*j oM • I/ n • X /, Ulj 

\/,»38xnr , A-S$M^ oit /, = |? .^>>1 

l = T*l7ms •oi! r v »^l | '»*»* 


j>auijiiu l i)i ^ s-bjj »» i 


Jjiaj ptf jJL* -2-2 

.^IkllJjUli pH Jt" 1 J~*pH - 11 ) 1 *?' 4 



.^jlli Jgljtaii pH = pH < 

.4*#*) *b«* jj />// j flvi^'3 A**i ^ j* 11 -^'sSJ" 4 





■ * -3 


■ ^ -^'1 -1-3 

OjSj ^ * 5 >tUl£ U&> Jiiij JJi! LJ i*iJ l - ** 

HA iait + //; <V, -+ J/j +^j ^ ^ 

... Z/,50, « HN0 3 > HO :**-' 


~uLij>. Ji-1 ^ .*U»^ *£&£ ^jSj JJJi ,>^' ** : 

HAftqj+HjOfU —* H j fifty) if — Jji Aitliij 

... A7/; . C// j COOH - //COM :*&* 




j^l 3UL* >M ^iLb^ J*JU <U> 





: ; L^ ir. t : ...^< i 1 

^-“J-W - I- I 


)1 H O JM 9>? i 4 - ' *•-> 

jj iJjJl LlA ■ . J j]A .jh-L* 1 2fl$ .^ 1 J*. | '-J Ji^ftj tLiifi 


\HA = H' +*T 1 i/M,* l >»»Ji>j-2-1 



f HA / A ) : ( Z^-^ 1 ) V 11 ^ -3- 1 

HCOOH / HCOO | ^ 



jMiJ JA ■ HA 

jjo j^L-i : A 


( HA / ^ / 


A 7 /; / NH X 


X* 


^m^BH f 

^jdjj) *^u : /}* 


(Bir/B) 


'l*_l 3 ^j. j!'l ? 'j '■ . ■ 'uiLii | jdlrik7- i'l J^l j j. l '. J '4~i1 l = JjJ-^*-*. 1 f f H ~— 

^5 4*2 

t^Udj ii^un 4 oft . pH - -log} //j Q + j I AiVUb ^iL* J$U- /?// JsjAJ 

, / //j O / £ ^ mof.L } i maaIi jjJijfcUi 

/ H/r j = w^ f? 






1 1*7^3 






5, Tf = 1 =100% *iA, X, = X m 51»UOJcU3»o>S.W * 


x. <1 <*„„ at fBjtJttM tialfcW 

g^a 


*lfiUO 05S^ 3 J£i Jc 1 J ..W 

B , n> i 


• o-l-'X'j .*>>> oA-VI -2-3 


•r jfiijst^uoojSij. .iu^i 


B, v , + H 2 0 (II =bh; v) +HO (a)) 

... ( CH J -COO' +Na*) . CHj - NH 2 . NH S :*JW 


Jjlji)' ^U- y«j y-**- Jjl-j -4 

.v^ y-fecvi (.asitj x, nas# Vijii* -1-4 
HA tal) +H 2 0„, =H,0 ,\ i , tf iuij c ua.,a»j J ju.oiii 

JcUilibU. HA (all +H 2 0 (I) =H s O; m , +A lal) 

fJX* 

a^kxvviuut o n 0 M<j* Omol Omol 

x » 0 -X uv> x X 

X, n 0 -X f Mt* X / X t 


fC.JtUiilU/1 

n 0 -Xf =0 0jSjlil.UUl v io-. v !UJVjs.JtU ^ AH 


JcUiU^si^fajaii : X 

Vi filial ; x m 


- \Xf=X mm -K,\ '* 






f -.v v 2 3 4 

_ [H,0']lAL 
I HA H 11,01 


f ' ! HA 1 — *p — ^ 

. lH, 0 'l=y • l», 0 ]=l 


K 3-3-4 

, ■•■<•■ IVK-I.f 3 .aa^b lf**i gy>*J»3 tolli 


*_ 0 lcJU D !t 

K - Q ' I A. r,.iBfi \ 


*1) ojUI oj^Jt J*-*** * K 


X Jn jCJk 2\ 3 V-^-4-4 



H4,„,, +H jO llt =H J 0,' al) +<V„, ,c\U$(HA) 0 ~*I>JMUJ*»--Zit\ 
H 1 0.tU^is~i.HA .H s O\A 

HO ^ ij 

. ..jij,;. , aitl Aa4)^^jdi» < UU | iUS.vJjl»llU4l <T MiUJ JjUt /3 
o =k„ 0 .lH 3 0' }+\, IA- ] +i., m IHO- ] 

.j^^viSiUi/HjO'yfUi/HO /J** 

= A h o ./Hj 0*7 +X a -(A -] — (I) 


ojl >11 iJU . >4-L. -3-4 


0*11 »}Cai ^15 jUi* ( >5--. Jii 02*1') vSi*Wl v »t^- 02* $ ojo l^iV^S* 

Ko 2*» 

tit. sjli J j»i» U4I E iuli Jtlii* o|i JjUH j-ii j ga Jill f ^*t uaj cajfj & 13 4 

.f=>»,uw 


JjJlaJl JW 4 

l_ 3 $JcUilij-S»J>i aA + bB ~cC + dD ojiji* Jcl* J»l & 4 


1 ID] .[C).[BJ. 747.fr. 


> = ££2L££il 

iAr.iB]*\ 


h(a,>+ 2S l 0 >i«l> =2, <<q) * S 4°Ha» • v" 5 * J cUi » *>1** • J 1 ** 

I [C]’.[D] d I 

r w-wM 

O (ri’is.oj -] 1 
y ’ n.i'rs.o’ri 2 


Q'r 


Q, 


(7,4l£Ui ■...-- cC +dD -aA 


+bB ^-.t.li JcUSH ill^^/1 


$(l) i»-i j> 4SIM.UI&) 4 *** »jU - a^cliUl jl ga,i» jl»i ois» Hi /2 
[H,0]=1 

CH,COOH ( ' t) + H 2 O ll) = CH ) COO^, + H ) 0; o , l Jcusn: Ji* 


[CH,C0Cf m) HM,0[ m ,] 

[CHjCOOH,^,].! 


ui jji ofii >—»» ol» • (S ) sl 4-> »u o>Ncua) i ga*» 4»I aim 14 /3 


2C#/4/ +$/«,, ~ Cu ! S i,i JeuaioSV J^ 

0 ICU2S,.,]' 2 

rc»*,]’is£,]' {afcfrst,,! 







K ujljill «*»♦» i*-a> -5-4 

K (H s O'],[A ), 

[HA], 

[HA] -C -Cx, , [H,0'] f =[A- ], =Cr /(> a 




,j»LJ / J***- -5 

ViUIl Jju-li -1-5 


, ^mi ^U-Ali Jt.ua HO a H ,Q' jji_ 

|//, O w + W, Q„, - //j <y„, + OW^,l 

/Wj o* 7 - /an 

■?J°C fa.jjn.ut [7^0*7 -[OH] =10-’ mol.L-'\ 


[H,0']=[A ] + [H0 ] 
[H,0']-[A] ,^Xjl[H,0*]rU(H0] ju* w 

a=(X uo -+l A )l H )°*l ■ •****•»(! )**&**>)* 

1«j0*7 -A<"7 = 1 — ^rrH -o* 

*»,ll' | 

[HA], jjijaut [HA ] *£=,3 jw*s v* /5 

C =[HA],+[H,0'], .Jdaaiiu-iiojiUJ**^^ 
[HA],=C-[H ) 0'] f -o» 

. pH JUUJ o*> J iA*|S» tljiil i^'.H U*t -li OJ £j US» S 



A'- =»» -c.K yufi. . *, = =[H ,()'],. v osi 



ijijjsfeoaf* 

r = f<C,)j*< 

j. f, ^ULiQ-h- iivj^ 

, v gU5ii3-iUJj.»i#b)Lvii«! [HjO’ 7 / o*»Wi* 



, v i,Ufe v iWi v >»ai w 3Wj 


i -2-2-5 


. „ [H ,<>'], [A ], . . 

(HA], 

log K . = fag [H t O'] f +log 

iH + log ( A J* . \PH = PKa + log^jA 
8 I HA], | 8 [HA] ,\ 

pH-pK.+ bg t 0 ^']' 


LogL t - pK„- pH 1 WjJ 

I^iJ, 

luu» 

[o^^],= pH = pK„ 

2 um 

it* jV» pH <pK„ 

3»w 

.Mi <v-uii u^na oi! . [^Ji\], > [u~=b], ol» pH > pK a ii! 

a ( Wi>»i«>ULfc« 

ail JU*dl Jjloi .iJUJI ii-J' i-lj-ll 



pH jL 




.uu^uji-u^i,. 2-1-5 
sUU yjuji -^sasa ajjui jj*ii 

fH,Q-][OH ] JH 3 0 -]( 0 H 1 
" [H, 0 ][H 2 0 ] lxl 


.K, .uu^»u»«Uj»»»»c-i > K =[H s O' ][OH' y.^ii 
. Kr = 10 “ . 25 °C ^^^ \K e =[H 3 Q^ t ][OH]^]\ 
| ~j*.=l 4 ■ P K.=-logKe:Ke =J<r , *’| 


■ pH <7 • l H, 0 *7„ : 

pH=loX.(H, 0 ']« 
pH>l o*.lH, 0 ']^ 


= [HO « 





HA m) *H,0„, =H ) O i \, .oj>»a.jAiAs»oSJ 
HA/ A’ i^aail « 

[7 T ~tw,o*a / , ^~/7 1 

p /■«<;, | 


Ik. =/(>-<*• />*«= -***.! 

•--=•■ r/i ; jai^iKi-uj^sj* r ha > j 


iuiUiii pK a 







H <7 <j^o. ja*>\<( HI „ ) ***a>-oi) 

P H >7 oi&>« &#.(!; > *-u 0 v 
jj*iofitojii»pH = 7 oi^Ui 

( Hl„ / 1~) 



pH=pKi+i ^{hu; 



PH >pK, +1 j^iawj-K > to a^<ii<r n ) o-usiioji AiJj •* 

./>W <pK, -/ J^i^naw).* <-^d*>vt(HI„)j*»iK,4^* 


<R<IOji 

10 . 

viJ U^ i »ju.>w J |P/C,-K P tf <P^7+I| 


lln'l ^.Lu.) | 

V>.-p//JlSjjU*I'-4-5 

. (Ti/re; i«bli i (Tilrant) i^Ui (jJJ 


5 


*U> 

iJ&fJU gjL*A J»*i 


JjmIjjj J-i Jtl * 


,JcU6 ttkll S 1 « J J* 

. J tjl£ . .■ ■ii 'i^J I ^^ 1 


r Jpliill ^AfUi f-iiili J U '. ^ • 



■ |*ij j^'uaoiii t r^ = / Art % ^! " 

ft, joi JtUfltt . r 7 < / Ij! • 


q ^jciiai j-*i 

h/1 + Mb - cC + dD . jcUjJi 





a = 


rk-*) 


^LuvSJ) yjljill ^ 
. j^M 1 $ ji 1 " (.4 < k d ' 

sU*jVI ^ j jnV i *1 mJl > A 'j! 

ate adu- ^ aju^i 0, = * oi** « * 


* t 



,(4 jiLJi) <t - / ( V ) ^uJ <***& iu^A 1 * 




5 


CHfOOH + SO?,„, = CHfOO'", + HSO' 4lml 
H' CHfOOH j-tAyi—JciaOi/v 

CHfOOH,"! -» W,' w , + CHfOO; ", . oio- o*! *» v 101 
^ J*» v“ ^ v *^ ^ , ^ wS1 ' ,i> “ w 

h;",+so , ; I ",^hso„", 


jiM 1 U*Jt> 

CjHfOOH,", / ... 

...HOJ", HOT,", 

CO, . H fi / ... 

h 2 o 


2 (fijoUl 

C,HfOOH, m , 

nh;„, 

C0,.H,0 


jkj*B 

C,HfOOH,", / C,HfO„", C,HfO»", 

H,0 ( „IH0," ) HO,", 

hh; ( ",/nh„" I nh M ", 

co, . h,o / «co;,^ ; wco;„, 

Hfl!",/Hfi„, H,0„, 


JaJI 


Hflo, 

C0,.H,0 

Hf", 


3 (JIJoUI 

^ .^5 ,>U»I £VcUa Ji .4JU» 

CuJi +2HO,.,, =Cu(OH)j„, /I 
CH,NH 2( „, +CH,C0 2 H ( „, =CH,NH iw +CH,CO a „, /v 
CH J CO J H,«„ + CHjOH ( m)) = CH,C0 2 CH kw + H 2 0,„ /j 


9 _>o ok> oooVS- 6U)Vw 



M *»' 

. NH; ( ", . HSO,,", . HCN,", .CHfOO, ", 

, NH M ", .CN~", .CH,COOH,", . so 

. CH, COOH," lt . SO’J", jlui ,3 

.yiljyO Jjaill WjUli ^£=.1 A 


hcn,", = h;",+cn,", 
hso„", = h;",+so„" I 
CHfOOH,", = H,'", + CHfOO,", 


HH;,„, = H,-", + NH„", 




[HP! m ,](moU:') 
[HO;^,](mol.L-' ) 


pH = -Log[H,C>; m ,] -otk [ Hfi‘ ml ] = I.SxIO ’mol L ' 

pH = 2.82 ,^-pH = -Logl.Sx 10" . 4i.j 

| 

[HO; m) ] = 6.7x10" molL" . [HO^,] = ■ <* 


5 U , J flUI 


pH =S.i <j=* 
C = 1.0xl0"mol.L" 


,.ui j» Jtua /3 

. Jcusli f j» Jjo> >?J /4 

..ui mw Jtiuj * i*Mv^ o' Jit '5 




JaJI 

■oWJ * HH M ^ t t*>» ' 2 


NH^, + Hfi„, = NH m ^, + H,0^! 


s_>o ok> j^isii ojo\> euiVfij 


HCI„, + NH*,, = nh;„, + cij”, H j 
C t H s C0 2 H (aU + HjO (1) = C 6 H s CO^, + H,0,*„> /.* I 


0 


? 


.MWWljl H*oilJj.Jii«*i|»l<|J*lSI 
yOijjAJii CH,NH I<V) o* ■oJ-'/o i “»- Jtuo jtuiii . 

M» C«,C0 2 W, 1V , ^iL^4» t^"-'.CH t NH;,„, t»i» J! JjMi W' Ujs,^ 
. CH t CO], m , yiwa t>i» J! Jj~j fl'j auV 

*.lowi y H - o>3)>i Ja »<» i^i i*i *1“ owl ■ 2 JtliUI . 

NH, <cq>) H’jik HCl lal) oV uU/jW. Jclio j» . •> JtUli • 
.ai s . L> w» M i./rii>ij^oii C,H,CO„„, oST^/yi—jciii 

iw » HjO 


4 (jljoill 

5°** jcU2»u. t »ji J » so-jjd' 2 WfiW. s ^ai j>w» M.i 


[Hfli^Jf mol.L" ) 
[HOjf mt ](moU? ) 


.»*•**. A 

k,=I0- H 2S°C if 

[H,O; m ,] = I0-’* , pH = -Log[H t O;„,] oil 
lH t O;„,] = 10" mol. V' . ol» pH=2.0 Mb. 
. jwj..uu jjjOJi .u»# juo_i l HO^J v' 


\ 




0iu»^9 obVa>y\ / oj\vl\ olb- ok> x&u bao\> aj)Vw 



cJiJi 

cUi J&UQ aojiM / 1 

iH Mm , + HP„, = aw;,.,, + wo;„, 


j ..U> f 5i o'jUty/2 

W i(a( , + = NH'„ m , + «0,„, 


up,,, 


faiajjj^/4 

+ 

Omol 


%=cv_ 

n.-X, M* X, X, ^ 

an £, Jciiw s o> ji*~ /5 _ 

x g{ 

T,= — 4 

x„=n,=CV^ .ju “* 
X,=n Hia .=[HP']xV^.d^i. A 
[Hp'] = l<r ,J =7.9xlO- 4 mol.L ' f [Hp'] = !0’ M ^ j 


[H 1 Q , ].V^ 




r -7 9x10 s «1 r - lH >°' ] 7 - 9 * 10 ' 4 3 

' ' ’ C 1.0x10-' J, 


* <ui f f *>>•* Jcia o' *A*i ^ J 


■ -[H,Q*]Vjj- 5} 

1, 


(NHJ]=IO''mol.L _l jJI [NH;] = 10 ' -7,9.10^ * 10 'mol/L ^ 


l HPJ,[NH ,]^ 
[NHj]=[H,O’] = -I0 -Iff* 1 = 7,9. lO^mol.L 1 
[Cl 1 ^ 

.blyy^ct .ilUl jji JjljA l«lil t>j» 31I Jjj=. $ 51 j . Jiliill $ Cl J»»i fl UH 1 i»V 

n CV,j_ 

[cl ] = — g— = — = C = I0 mol.L' Ij 

l£Crj=Jir , mo/x~ , | 




[HO'] - — 

| (HO'] u l,l8xKr‘mol.L-'\ <lu, [HO ] = : 


' ‘ ~ [ HO' ] 1.18x10 ~ ' 

\pH-!2\ oi! pH = -tog/ H,0' ] = -LogS.S x 10 “ 


^Ijll ( Wo,*^, + WO fM , ) -V-^SJ-Wv^ JjU. 

K, = /Omtu~.*i.Ji.U.C, -5, Ox 10“ mol. L ' 
CHjCOOH,",^, K, = 30ml. ^ 
.*) pW fcwiu-tUj&jVtwMU'C. = /• 0x 10 ‘mol.L ' 

. JufaJl JcUiU UlUU / 1 



0 


U'J-JJ' 1 


. JcUuJt 04) f jftJl 5u*i gUuJlj .jail JcUOlt JJU 

<a„) 

,oi*ui£a5Ui5,>u pH lu ji..-- 
P*, = 14 . PkJCH s COOH" /CHjCOO^)- 4. 


d=UI 


CH s COOH iMtt +( Ha[ a1l + 


'l,COO;^,*Na; o ,, + H l O ll , : 

raia 

jivOi.aujjsiijjU Na^,jui . 

CHjtOOH + HOf^, = CtffiOO ;^ + 
n 0 . = C.K, «». = C,P t 0 »io/ **> 

c.v.-x r c b v h -x, x, 5 ji<> 



-V\<) t»Vft>V\ / 0)\v)l o)V> po oAa> oooV> cajiVaj 



Jail 

CHJCICOOH + HH J( „, = CH,CICOO + NH'„ nl . J*Ui» MjU. /i 
. CHJCICOOH AW j0 Ui»* 



C*H s O t ijUl Ji 3 I 


. AM »>J CppHCCMH . •■ „' - /j! 


. pH = 5,00 Jttjigiuii JjbJi pH 

pkJA ! H,^ l /A;,^ ) ) = 3.00 . pk A /A l H,^,/A„^>) = 4.05 1 

0 12. 

J3M1U/I 

1 4 5 6 7 8 9 10 11 12 13 14 pH 


k~ ' =t ^ ' 

P*4, ~<»5 

P‘ 

k Ai =3.00 


S »pii)i ujui v» u - P H = 5.00 4it /2 


B 


JaJI 


Sjii 


iuJunai^jKj AH,,,, pH < Pk A - / cM'$ 

A ihi jii.pijA.Sni pH >Pk A +1 
A, (jiijP-L-Uj A,H,„, »>jC,H,O t 

-Wiy M 4) A,^, o^B pH > 5,05 JbJ'J'Oi . Pk Ai + 1 = 4,05 + 1 = 5,05 ,U*jJ 
'^A,H m . 


' 4PH^ L_ 


pH 


pk A +l = 5,05 

Pk A -l = 4.05-1 = 3,05 \n* 
-vJUli pt,( A,H pH <i.fl5 14-Ui} 


tuVVq coW>Vl / «J)M\ <)— >o »1 a>- )<&*> wol> ojjW 



! NH ; l ^ l ]JCH,cicoo;_j m 
- [NH„^ i ]„[CH ! cIOOH i ^J m) 
■ [ H t O •] 

[nh:,„j„ [CH 1 cicoo;„ l ]jH I o;„ 



.... u«>i jiwsai oic pH^jjyu/2 


owaVW co\fl>V\ / oiV> 


Jail 


• + C/„,J j* ,* 


(H,o;^,+a;^,)+ nh „„ = aw;,, + w,o„, +c/,,, 

C/„, JU,: 

jcUiii A- oj>«a .a*ii /2 

[Hfl]„ 1 * = / a m Unl ] m *[Hfr l ^] n 


- [NH^,]JHp; m ,]„~ k A: ^ 
k = /0*' , = AJgx/o , | ,j^> 1 >»u *=-p = — • * = 10"* 



-4«„, / 4,, 

■ 4,,JOjSi!U14»»i-Jlol» pH >Pk A + I o>S»>i!Ul- 
[AH, m ,)=[^,] oft, pH = Pk A >ft-aM~s, 
AW;, , / W/ Jr , , tfHOIJ vw ii— » o->ii pH - ’ <«» j . 



HCOOH lal) +(Na; v) +HO ( - a , ) ) =HCOO, 



[ HCOOH (mi J n l HOf m) ], 

[Hfi'] vfUOlJ k A,‘ k A, 

(HC00 < „ ) ]„(H 1 0; vt ]„ / 

[HCOOH [HPUJIHO^U ‘ 

/ l_ ^ [HCOO )v) UHfi; vl ]„ ^ 

l H )(>;«, ,]( HO ^,]^ ° k At IHCOOH^U 

\ mr $ m >= t i 6* m \ , k = j L ~ s ' l 0 0 ^ = 10 "*“*“’ = /Qi 

« gi'jiJ) o3lcU3U o'* ijliUJV »Mtal> JelB £*□ /3 

<7 iutjjl iullUJl SjLt /4 

„ [HCOO ] +X No . [Na'I +X m [HO] 


ajuii pH < Pk Ai - 1 tSAj Pk Ai - 1 - 8,2 o% Pk A - 1 = 9 . 2-1 Jiap-'kA 

( NH ^ I ]>( NH„«J ^ u oj o 

pH - 5 , 2 < Pk A - 1 = 4.2 pH = 5 .: nib- j . 

, ajun ii^ui 

■[NH Mml ]~[ H fl! n ,] oX-pH-Pk^ oHi~* pH = v.:u±j. 
\pH = Pk Ai =P.2| .j»JoUJi ,V C ^ --J- 9m L . j»isui 


1 3 tKJoJJI 


C A HCOOH^^p^Si Jjbu ^4 V A = 10,0mL??*. } ± M )t* ) i 

,oW)i^j^ i 


120 


100 


80 


40 


20 

’ • l'(mL) 


5 10 IS 20 

. Pk, ( HC00H ( ^j / HCOO^,) = 3.8 ,ii«w 
Pk A: (H,0/H0^,) = 14 


Hp;,,, HO f„, hcoo;^, No 

X( msjn 2 .mol 

■'; 35,0 19,9 5,46 5,01 

i^uii j uu jcua ajju. .,.-.^-.1 / 1 
.jtiicaj i ...,o 

5 Jcuai U* Jji3 liu /V 

»<ULJb SjjUU JcUi U^l bll /3 
SjyUU ,UH CTJbt^lJbUUllijVc Wl/4 


1 

1 


3 

.1 

* 

i 

■at 

a 

% 

I 

1 


»VW uaW>V\ / 0)\s5l\ oJ\> 9 _>i ok> ouo\> ojjVw 


E? 


n(HCOOH lal ,) =n(HO; all ) 

*L c A v A =c,y„ £) c A v A -x, =c.y B -X, < 

, _ l,0xW'xl 2.Sxl<r 3 . | C =1.25x10-' mol. I 


CH s COOH a = IO,OmLu** 

(NOf^ t +H0^,) C, 

y.'i'jj'V ~ '■" J — -f* H =0 .100 moi ./. 1 

.jipujtjjgjid pH =f (V B ) 



5 Mc.X f y.iicin Jtuinpja 

Sgajou.r^ 

. CH t COOH lal) / CHjCOO;,.,, i^ui» n 


l> HCOOH, m) 

I C^K,, C*Kg 

| s^waAiu# C A V A -X, C B V B -X f 


HCOO u 


# +»/V« 


**>> 


JMSBli.«»>a ,6 

( Ti Irani) ijt Ui j1U.uai J£= ^ <uiu»*&> »>)i jaitai 

.(r/rrejijiUij^bMj 

jttt2t.U£ CT, MiLJ'ijUt 

«0,„, , HCOOH J. J&. JD4L* jiisai a* 
C/', -Jf t =0 f n( HCOOH la<) ) =Omol oil 
Cjf'j -A’ / =0 0 i! n(HO~ t ^,) =0mol 
4»,LJI abMtfOH'J = Omol it 0 *J 

o =« £ =^ 0 ,, [ HCOO~ ] + X Nl> . [ Na’ ] *0 


V =V A *V B , 
X, =C,V„ 


){*( HCOO'] M y~ i 
, i X, =C A V A(E , jui 
irnn i = C ‘ V •<*.!. . 


C B V B , EI 

J v A +y B ic 



ttt M 


HCOOH, 


» 0 H =C B V B =0.100x10'* = 10' 3 mol 

f - + HO fa,, = hcoo *h 2 o ( „ 

„ 0A = 1.15 xlO- 3 mol n 0B =1 O' 3 mol Omol 

1,15 xlO' 3 -X / 10' 3 -X, X, 

X ^ =n 0 (HO ') = n 0B =I0' 3 mol t jt j HO' 
jcua) X , 

V =V A +V, fr. I HO] = '°' 3 y^- -^U4. [HO] 

I O' 3 -X, =[HO'](V A +V b ) * .Oil 

[Hfl'J =10 ' 3j =3.2x 10'* mol. L~‘ .o* IHfi'i = IO' pM olufc 
[HO ] =3.2x10-* mot-L ' & IHO- ] •■***> 

10' 3 - X, =3 ,2 xlO' 9 ( 10 +10) xIO' 3 =6.4x10 " mol 

\x f =10- 3 mol.L- i \ .*~**, X, =10' 3 -6.4x10" mol 
X, *X„„ =10 ’mol.L ' oil 





d^' 

5*1*1' 

HCOOH +(Nq\, +HO] atl ) = HCOO +/f jO f „ 


J^(Oo*j-£ii 

pH e >7 JUt) . E 





\C A V A =C B V B0 


jdauii jtfiv*) sj- * };<;’■-* * >■’ * CH jCOOH f HO q 

c, =^^-| 

_ 0.100x11.5 


p// =J.5 jjcfj»s»JsJ»./4 
= /0mE ojS< ptf =5 ,5 oic»ilJ^ol«»J!li>i>i! 


iijoiuakiii/ jjijaiiJu s^jH tafti®B=aD] 



uiubVW «aU>V\ / oiVsiiV 




C 2 =0.30mol.L~‘ >*(K' I 

l rj =C 2 oX . I + l 

«,. =ix/0' J mo/ os „ =C 2 V 2 *1., 



(H / \ ) ]=2C } oX.2^^.^ «* 

. I tk SOj' (S0 2l ~^)] -I xC 2 - ^ 

**" H i°!(m> +21<n) +2H^ =2H 2 0 ,d *I 2(m , ,|- 

n,-l0‘mol n 2 =}xl0‘mol n, =IO } mol k*Vl> Omo/ "J 

w»u-» IO- 3 -2X 3 xl0~ 3 -2X 10~ 2 -2X »*> JT V 

wxu. io~ 3 -X , 3xlO' 3 -X , 10' 2 -X, Mtj* X. 

A 

Jtojljcl iill/v 

J-~- Omni ^i. u ya. L itim jl.ui.-iii-.-,, cm f* * 

jj .^lun^j I0 1 -2Xf =0 • 1 

X/ =5 xl0~ 3 mol t 
. Jai*iA).3xlO~ 3 ~2Xf = 0 /, ^ > O 1 I38j • ’j 

X , =1 .3 xio 3 mol ’ 

I0~ S -2X / =0 

H jOhaai * J-JIJcima .-y, JUbUaa-jiUjj |jT y ^/O'^ffio/I -u^<u») 


K =K, i j J L M u v isJ. (V »ji K ^.[IjJy =■ 

bj/ ~4xt0~ 2 mol.V'\ (1 2 ], 


(io+io+5)xi<r 3 



owVW eiaVft>V\ / o'AsiA o)V> I bJu&> )<&jj ojoV> euiVai 


x, - /h,o- « r , *i., iHpr] n = y- ■ wj 

A-, = 1.58x10-’ mol ,Jt X,=7.9x W 4 x 20x /O' 


x„=c 

_ 1,58x10'’ _ 7 0v in -i , p x //,-•’ . 

' Zx/fT 1 

> *j*ua *n»u».04,. r, *«% d*-* 




C t H,COOH lA ,,A 


l—jA K, = 20mi 

C A = 1.0xl0 1 mol.L 
. C, Wa; + HO, „ , ) j J ju. »►!— » , 

l_....jUI-.l. IUVV. ,-^Jl 1 »Uj U.L, ^1. . -^jl ,< pH J' J-B" 

JjS®* 1 J.** 

Mx£ W JJ yikwJI JjUll pH j-lij 


ImUUJcUJ 

C,H t COOH IAA) +<Na; AA , + ho;„,) = C,H,COO;„, + Ha;„, 


<V BC =16mL \ 
\PHc -8.0mL j 



d*' 


B 


C,H s COOH wl + HjO (11 = C,H,CI 

fjsaijsj^/2 

c b h,cooh I ab) + h 2 o ( i) - c a h s coo;„, + h,o;„, ; 




HjO,'^, , C ( H,COO,„, »~u» tv* 

j!) HjO,’^, tV^l^Jot: *-* u 

* Jta-lji. HC> f„ ,t*» 1 oH / HO‘^,7 JU»! 41 „i . Uil*. J U*juJ 

• HjO,-.,, , C t H,COO IAA , U»j .UjUi j jshWJ' J!*V» -xa: fU au*. 

<r, =' 2 l *,[x l ] , 

a = A c<J(iCtxr [C t H,COO m ]„ + A Hj0 . 

(C,H,00' ] n m ~y‘ *Wj lHp‘ ] = 
lC t H,00] H =[H,0-]„.oM 

= 


II, COO- 


~ <34.9 +3.23 )x 10-’ ~ ’’ 
l H P'U - [C,H,00~ - 7,9x liy 4 mold .' 1 . 




CJI.COOII /CJUCOO,.,, .wuai PA 


I fl ‘ ■ /- /?// — f(V ) JUJl ^ ^ ' = 5fff£r 


!*?+=- *■ — '■ j* 


Pk A *4,2 

A-^jlall ■ .» ■i'lII 1 ■ a. n iSJ' /-I" 

JiL^* ^ il jIm j ■ 1 1 j >i 1 . 1 3* 

j *)--■-_ i| jjji ^ Si i+jjJi p/f f = <f LjjjJ a jj U li ijji “ > iLi l l ^-o4&U 

jj^i ■ g^Kii .ii .6,8 < pH £ 4 jaj jjijJi 


pi f — ff i ".. ^ iiuu jiiii iou ^ — — - = g( Vfi J o^s>* -‘^=Lii' 1 (rt/5 

hW 

■- * 1 'Vl i*J I Li- 1 * ^Ji j - T ■ ■ J 

4 f ^ 



^ =^ = /JwL about ^ /jW = /(%> auii lu. *- p ^ - I5mL 

ApH 5,7 -5 J 0,6 n . . , . t , 

— i — — =s Q,4mL i an^j . m.UaI ua h 

15,5- 14 U 

. Vf — f5ml. AmI* -Lit 0, 4 ml- ' A+^iSl -Ia-Ij 4ii _Lhj , ~— ~ g(y$ ) J1 

dr a 


\pfl 

AY' 


St 4 r 5ltl l, : ^jl Jaj - rijl^ LiJ 1 ji-iiJ . K> — /ri JM/. j^a ■ 

-^1 * 0,1 SmL" 1 W j*i.V, = 20m L j=J >* + 


Bh 


-■■- I Hi ^L-J 1 iM^ti ,-U i^r4^I i-lAj 

■ p j 

,. ^ ffc- • =»_»- fc-fc"fc * _.L-L J-.-I = ) jjtli aJb / j 


V„ = 16mL 


dV, 

_L>j ^jUJl UiA ,JaaI\j J 


^rj p 


^S'aSjLSi .-i*.rt'i l -4-?*->- .jj La^Wi^ i j^k*^., , ^L*il / 5 A" , 


2 







lh ah ^ 


i 



aaji^Ji ^ 1 ) £jj*i : (J E 2 



■ J s ® 1 J^Jh 4 * 

i ! nj-Lri j jJ^J ^ ^ jl^-i h ^-±^i-*- aj^Ji h^iJsj 1 . jfflli 4 

■ ( > jj—3 3 jJLj ^ ■ i*^l A^s jJ- : ij jil'l 

■ j^= _pil LlHiJl J ^ _pf ■ il J ,| j ii j.j j. . alk li j i j 1 .jja-j if* J — ■' j) 1 ^ jl ^ : iL^lill 

^^jJl J jiLf- - win! J} L iV ■■■jl Julfl J-# ^1 J^- a i _ r ^dlf l¥ j-£Jb i i jlVi i 

J - h .' ~i 1 ^ \3 iJi 3j t _iJi, 03^ ^ jJ 1 * ji q 

, | ^£Jl ) ^ ji= ^ f LkkJ Li 


s/ £ jW 1 .1 

.(iiisji iiuijii ^Jaii) COPERyiCKS \ r /S4J-H7J ) 



..jjjii'i y o^ >;= >* ^ -4 

. 4 jjijU » j 1 . 1 ■ * |^ »-i !l J jjtiJ AljiiJl i J ~ — ■! j^Jn 4 


4 io> }J 1 



bA^U^ j^laj 


v«bj j .13 _ 1 


Ujij^ij 4ibj*Ji J 

SUjIm ^ i j jr>_Jii cLtLiJlj rt M .^UJi dJj kuaJ , jjjtJl ^ j_L# JL j^Oi i^i 

■ fLi_«_ — f/ftf} &_jl ji j j "■"■»! - i |jLl * _■ '■ ■ ■-" a i^r'-as—t Jjj j vf 1 _4— j'lj- j , Ub ■■ ,-%-j 4 . * .rn [a jjj 

ySS*ZA\$ jojailj itUih 

yin nrjl jflj Ini' 1 J 1 _1 j I 1 JLm i^ jj JLU 1 - iiU)( Tyy^ 

- V-W 4JJic| (f tQ37-97Q\ u*-^ j^HjJfvi-l] 4/?/S7OT£ (^22 -JA^ 

( P /9iJ 7^7^ orfiifi JVEWTON (? 1 72?- 1M2\^ ^ GAULLE ( r 

E/jV57HN 

J! ^La^ji jj tfuj j < ~— J i j^laj ^ 


■ I % l g f '} y ^ 1 * 3 j^i J-S- : 1 l| U a ^J ia I- j 111 iti j-i UioIaJI t--L_l ■ L . j j*I - iyi hL fl~ . .ji 

■ l ^ i 4 — ■> j->- .Jjfc-j-jg ^ j^_jJ"'-a ■ i^— i l^SJ'- ^r^Lu! ! > jou ^laC .1 ji 

(<ki^ ikjjjSi jSiJl) l 





{f -d 222 3 H 4 ) jio— ji 

Jl>-jj ■- i A I h' ^ _ r i i' / j liJJ 4juylaJw ^ ^ " -"- 1 .._j yoVj' Jj ^LfiL ■ j ■* L'.~. 

■ .nul l Jj^LaJLi 111 - lj.il _ 1. 1 a ~i jj J] UF W- u ^iil J^- ^ ^ Jj-jl di . i j L ^ ! 1 

^ 

■ %s J->- J* ^ jw j l^ ■ P .7V.1 JdL* I^phr4wit5l i 3 ■ J-J Jfc^iL , ^LHLjjJ !■ E ijj -_ij "■ S I * i I Am h id I ! 'l ■ _ ■■ I ~~~1 1 j-"'^ ■ 4 

■ijLtl J] Jav^ IjfjJij ^ 

iJS kkjjmli- j^*jo 1 \ iZjjfcj L# JLMi ^ ioUl i^ n i fta oi-( ^ 

-J-ljJl j pl ^!l 1 -eUI -.•^jfljjl ■ I _JF^‘ cLuxjLx-i j-MaLxt. 





mnsn 

i-USll ^i jiL. j* } -UJji J,S' ( LLilSJl) Jlkwx. 4 

.<»») 141 -xj (^jtS*.) i^L 
OJiJhi J~“i 5 ‘Li-i* ts^ •*»' 9 * -‘L ' l V 4 

■f u»ii iS=^ ,$ fS*a uun asJ>^» ^ ^ , j 3 bn j^i / 

.l*le i>v_»s -LXLx JSJ- 

.Ifjii, 4jyu, i jSj -. . ji^ji jj lx, .. - i t' . K , l i $ Jxij ajUli |X»I oin f jju j 

1-3 



i^o* ui>i'5 AJLi (xTMiO -hjix . ) Ko*> xt.^. j ,» J»» j>ii j>xu, 

_J .tflyj^JttsAljnijOHa 


.XLxtCXjJli i 

L|ll£. aJ-Ul (Ji-.il ,-L Jl) ji,il ^ (jJUU) .Ul) ijL— >, fL-i.il hi... -I 4 1 
u«il£i oi U>=* »-i) .Wll J! OLXLXV L+i(J jL», .1*11 W .yijil >»; ,^-hli 
..LJl^^ 

.UiJoJifLx.ii ji j^i acjoi ii,i-.» fLx.ii hi--. -2 

-M -» u H. ,li . .i ■-. ^-.11 .j-.ll V 1. .... ILj-tj. i.i J -. J .| J --.ll i3 

■LXIJ JLL. 


Jjj* 5 

I .iv-fJi^jipiL^jii^i^xj^UijUi-ji.^-xjiJiuviiijtairi 

jpjl^ljx. UJli. JL (C Jj (f.jJW v Jljx)»J*i. ii. Ljjjl JiXL Jh-jl jlQIxjii Jil 4 

! LUo -illi. 0> Jij J .WUiit J Lih.il j LiLi i-*iSI O' oiAitoj .Lj* /Piil Jt j-t jxLJl 



£ ua-i* 


Jxi fj O-jil O 1 LX.) J>SII }h— jl jijii Lxi, J jXL.) tlhi-J 

J»» JfJJ ki» L^IjO O* o* Ji Oj£» 



i^ix jx# ( Aslronomia nova xxJi -ilili (he) -uh j «j ^ilifj JjiiojJlii >x= jJi 
Armonies o»*» fiLil j.^L. jx J »,i-i .xJUJi o jiliH Ll.f /(OT l. 

■f 16/930- vjii Jill (Mundi 







I*!— » ) uijVl J»» u^Jr* JljjJj -uMIl f Ijc oil J?«i l 

j i— ?■» .uui >>i ij-£= } ..i^n $ itj- o* s^ij, 

l»ji-Ji i^Si oli - ^U-ji oi. k.lio o-<J} - 4<U»» SHUiUj .(Jl£i».il Jjo-jl) iuiil 
Jl£ , ,> jliil s^Ji o^o olkiji . «, ,#i# o»iVl ^Ji-U $ .,1*11 ^ 

■asi*' a^>> O^ 1^) o^» U£» ..i*» J 

IV* jj Jl j ii ij . 2-3 



■Jri-J »UM^ t) L . - , » > mv» ) uH j ij . jiooj v i*> 

;' ■> »-} fo-l ayo 



v ,icj_)l >15 .i^ljU a^jUll Osil' jl ijill jm So*-*. »Ut .«LJ\i 

: Vj^lj Foe Jl'ol^l.i^.jlifjUUi.itj-lijS^ill 
>— O* V-jUJi S*!* 4 

ji oti. 0! a-u»a> o>Cj a. 




ji uijtfj 44 V - 4-3 





**iM *jS n 

\ L --_ AlaLM^J'. J 

. Jilji n -rt~h frU -li j %;y>KjLi j:-i 4 iMjJi ( **iu 

_c >j .'i — IjiLs#,* - p jTi~ II i l I 4jj Ja 6u^il^]l ^iljj Jijifcij ^ 

,,-i^Uj ji* hjyf^=t Ijjj IjXI 

J j. ■-*- jii -i^f a ci j^Ji j iju ^ 4 j 5 jli# ^ j ■ i |JS ^ iiUiljli 

■ jTj'sfi gla ■■' 1>3 JUi If J ^* -y > ■■j^miJ.i Jii je*4i *£-_}-* (JJ 

.^j^SJl tLifl] I ^ l^iljU,* jLt J|jj Ull* Jj4- Luj Jj 

jj - ■ j 1 * 1 ' k ^ J-Aj L*Lu jJdiLJi jlj^ji j ^~- jh>- 1 Jti jl '^a 4 

^ L* Jj l»5i- 4Li£]j Li^j 

w 

I4I -^Li- £jj J>> S J* UA J±= * 

-a^s£ 3 l 


AjiiaJi J iuj J b'i jfi ,Jlc a jjji j £ tj 

? .jijSfl ^L£r t rt ff-M ■ % p UhfH If I ^i\ 5 ji]| ^ (j 4 

? L > » *. : .h j>ju jijifi jLtoS ^Jli S ^i]i ^h-m 

jKuj ji j 




* £m ^ $ ij"j ^ J! 3 ^ 3 ^a)L -fcBiJ 

* yl**f 4 jl,S ^ui^ ijCH 




^i'i -1 ■*< _ ' i r" < \Jl i, T | -> * b M_i li] jlh ^ L~i 1 .^jLt 4 J j j*T c j J ( 4 J . ~ c ^r> ) illllaC. 4 J ( *1 n 1 > Ji=± ^ 

.JlaJl ^ ,4i^jJl i jAl', »ja ^Jlj 

-ijji j Sfl ^jjwuysJ 1 l^j'iSjj, 'njL-iii Sf .i ji tLlu j' j S(i ebub Jaauj ^Ui |> ''■■ _>- i'l 4 

_!_’== I ^SJ' jit ! '■ 'k^j j^Jl ■ p - J J 1 g jj J If.i I'jdjlfl J $>■ ■ ,-‘~~ 1 - 1 jiJ 1 4 

. |> !'■■-■-- b'l aj ji!' 


jSjS Ji-ij 


d _■ j._j-h,"l ^ j. a!.r J_£, ■ J . " | ->|A J ^SJ! tf^_LLfi iis jlU J! ^ L .I 1 ^ Jpi ^ 

. ^>t s-jjUai iuiu i-jii 1 jl jjji - i^iijLu ^ [Animcte mofru c) 

t jLliirjl jgm il"l I 1 " JJl j 1 ■"~ — 1 Lull J 

L^jjj — XjjL> h w-^l ^J 1 - S ^Ji- *5^1 ^1 i! aJilai^ j l . i ,£ tt fi ji* q® 

^,1 Al ■* j\; j~r. Ij ■- 1 */ "■' Iji^p ri_aJ'_j 5 cjl ■ ' ■-■-■ _■« ! j “ -^i 1 'LuS jj 

4iJli 

j -liJj Li^lj JJj hJjil 1 I ft I I I.I 

jjJ! j i . »Ui ^jt_i iu&^lxJl !r-f"i ^Jl I -^l'. ^ bjx*'^ JiUi- j-fl i ■■ " li j l j , flJlilkJl i^x4 

.AjJj -l 4 jl iWAJ P ji jl .iiiu fi iji L^^Sj ^il bn! ^ 4 xJL£ Jp-rijS 

, I "■'i— ■ l^h, ^ * ^-ll j'C I 1 1^2= I g j- *1 !uL 1 , j-j.\ L-ia ! ' ^iI^b^kJi J /_-J ^^.II j " l 'l^I 

j.li.-^ j ^ ii 4ui 11 jl_j i TUhli S^uiiJl ^h^_M . Jwy ^ jil’i jvjLli 3 ii LlL^'J UoJ^ j ! 

j A j£ - ■ ^ ri '■ li ~~> ^ ^yJl ^Sji 11 

. J oJl j Lkil 9 lib ^ }JLJ Jnii ij. j!*' 4a? lt p 




• p-ps a* 1 <**»» ,$ j-jun 



•iPjP | «MI£ >>• 

y.tu.11 .-..a*, !«>¥ >.,!.» n^-li .-JU^ .« -.jifjil -.i.i J ,lia JJ u-. c Jt 4 


ipjISg all loUjin ,$ jlpcVI 14*. jis* pi <US 1 . J-Usu V*,jl $ p ijJSii ,) 3 j w ,B£= J<»i 
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v(t f }—> 9mm 
v (t 4 ) —*■ / 1 mm 


If ^_| 


v(t t )-> 1 4 mm 
v(t t ) — > I Omni 
vffj ) -> 6mm 


( -*l A - ■■ .'■I 1 


V=G.Xm/s = 


ly Jj ■*■!■!■ j. j-.-iiLi 


v * /. Im.x 


.-l 




\a(l,) = a(l 1 ) 


a(t,)= 

\a(t,) = a(t ! ) = -8mj . ^,ii ji 

a(t,) = V> 2 t' = ~ J ~y — — =Omj 

4=77^- /7 ^ 


»* a// 

« 7x10' 

\a(t l ) = a(t 1 ) = l7,3my‘\ ,-^b£jL^li 



. . 4 -j>»uu »y~jv n 
A**'* -> /cm yaji JUi J*- J*. I 

.(^lijUJSiH jliii) ( /cm) Aljb) a^=>x]i i«» ^ ) j>i, a C /, ) ) a (I, ) JU. U1 


£UA< a(l,)j 3(1,) jiau tii. 8ms' 2 -* 2cm oi 4ms' 2 -» 1cm ^LJi Uyl.li.ti 


■4liii it ID .fjU*. £jtu» £Uii 


I»-J J-W jUii ISI .a(t,) = a(t 1 ) = 17. 3m.s • iyy_i Sjsy^ «J £jl-5» iUyi Uy 
17Jm/s 2 2 cm . jsyj^-iA. 

.(0)o>y>a> jfey-j-i a<V j o<V 








Wij- J* . |«1>1I 

M »j jl~s Hjijifl ^=J-* »JO~> ^ ■ LyJ«< U i V <U-J lij&ajl” ,«lal> 

"J* o-5 s' »<ufJ» cyi ->JJ» $> '^='~ Wj» i*^ r *>> j«i 

■ <»*j~» ,>»j J S- U - ^ ) Wj»i »-W »1» 




win gfa.. cJg 4j»a uu>l Jgj ,JjlHj*il>/l/l 



j .( 0 . 1 ) (»U. oUi 

YO. o is=^ l .u,?. i li d^yi ^ .Oj^a _*» r<y 5 (5) , (3)^^ 




.^uun^bcl /I 
y J y Vl ■,- u -- ll r 1 * 1 ' 

VWiH 


Pit T E 








(3) . (Jk) . ( J.) . M . (1) 

• aba^MAll Ojl^jdlj JCJttli. ( j) 

12 fe>ajJI 


J ( If) iJljl l^ilL V J0,I3 iuill »£_, jjj J J»il 

.«■,»», ..HWo^U.iWl 




ijangjU* F y i^ JiU» jUi *1*11 40*. jU,J> JiWI ^ Uiic. 




.jii*Ki.(2f)j(if)oUi»liioi! -F, = F, 



(MU~» Lv) Jjtt ojili* J-3 / 1 

».\ J**, Sip l^i^s 

•* A/* »*»•* J!*33 (0 « ^IUo£ <•!»* $ 
IVV = 0 Jl ? = Cte >Uu vj^uuiJU!". 


. (jtbWl) Lv> o3*d OJiU» u»» • 
,JJ* F y§ iji) B iU» Jt /I iU» .ajil >j| 

= ^ J.U1I 1*1, .U3VI f l4_S»Ulj Ju<U jl«JU3 F % l&A iUfJl 





1 6 LH)JJdJ! 


o jillX jiti / 1 

«— ji^iu/i /2 
S 0»iUJi U4I >*l fu-Vi ft U ..lllic /„ 
■. • I ' .^l y l JJt ; — ■;* J gl— * J^UlllUl Jl /r 


Oij^l^iUllOjillll^l/l 

•“»■ J—b.^jl-3.ml«ili£=.»Ail£*.»lv Jcijljll ^FiSjai t *~,. v )Uacpl*A$ 
.'£ t F = ma .a l*ill—>, J .e>i,jl|3IsS. 

-WHl— ,» o»il»» Q» iKlc jjai^ JOUsJl Cl* »*•“ /I /2 

.u*ij a^i m .11— Ji 1.111 1*1* j*. n**i»i v OJ im oi ^ v a* , in^iu 


( HUM# j^jA l*jlii ) .* jlj*!! ^Ull OJ iuli til 

.(1A-1UJI) 1*111—11 fJUU $ 1^1 —**1- gl^* o»itl» 111 /£ 

.1*11— » ^Sjl.1 






clijid J* s~~» <•> •!«»-.) ..K—ll* Jil=> J»j Utt <uSI J,SH jjiUJlj 

Jl ( >0 iJ^A i*ti j, UWii ^,43 Jl 0 I ^4, .^.ua. JJt,. oli _ij£ ^ 

.Jaii, ,^ l ol Jc Jjj L. .^,U_lVi jC JiUli Ui=j (0mA) o' 
• »«*• » U*V Uj-ii ol o$ ots 5t» 
Z^ = m ‘27 • JlWJJjlO*! — *0 oi! 


21 fejaill 

^jUi A^jij ji-aij /! vj-" J* /5mA l+^i v, «c^j // j ^ ui--. 

Jc AJ»*t IrfUls-j 20m_s' 141*1 v, ic,* *ic J3>1 1»1 vj— n lSv— 5* a = 45° 

. 0. /j * 4 v.Hdl* »£» ol a V^-U Jji— 
vlvl^xin^.^ 





1 9 i>j><uJI 



Jadl 


F, p , Ait.l_:.i J ;:. ^.,., ■ .-^ . u. 

•oijjo* jA,^. iuU-. 1 4 Q^Li . ,U. .r--ii. 

■ v*0 S ^F^F, + F } =d .■■»i.uv.. i . [ -..._..;t. j . , ■i J ^. ll . . 



■ j 1 ~ I ■ ■ ■ ; ^Jl -™< j hdl* Alr^j i. 1 1 i j^!|LjL ■ -Li^^_i # 

/>.■ = /v y = 32 1\ . iaiil * 

. JijLxJi . ! . I 1 j J gvj j^J : JUbJ^ * 


22 feiull 



ojjW) chhqIS- <sjo>Vjqj 





, F % &n ? sJJj, . j| 

? /? i? ij£ji ^ F e/t d^Ii ^ ^ ^ 


yd V i ^£]l cii ^ jqjQ . -.1 .. ■ ■■- y l 

■ lOttt s ' -*■ / cm . wl^uLi (*lj^ ji*ii.u v 2 $ 5, juj ,Av = v 1 ^v i u*±j 1 
-^nA]jt £Ui* Vj . /, 5 cm 4 J j]b v, jjj S 
. J v = 52wu' J 1 4i4j J v — > 3, 2 cm , ^jta , j v ,^1 * 

tt hJ *al l i»j±»£jL l 3/2 j 

s^i ./ 32 . j4v v 

^ ” 3— OfitJ m £T * p l jjJ * ff T^S -g-3 * i r 1 

OJ At 

n 

,j— Ji^ljLh (j^J t ^- L r N ' jg t | £ t? £ j U.JJ 1 >JLA Lz*r--J 

rU> '^p .T . . r> 

iji*1 JtrfaJ Hj _ i ^ ■■ -d / J id 1 ! 4.-i_fcJ L.-i^-C ^-Ij'la /I /3 

/"’ = ttiQ 

j^jW- 

^V*4^J ^yj 1 - /? WsiJl I jt-lbJl fUelij * 

^ = 4u_J ^ ipjljjl ^h* i i«J4*-! ,j * 

^ ~OJx 320 ; 

= ^ ^1 r oL^jij Jjt*, L j*jj Ua i aUj^ .JrfbJl * 

jV — > 3 t SCttt I 

5 I^UI Fy* ijidi ruki-ij hXMi /M /3 

jrdjUill Lv* ^1^5^01 ^JlHi Q 3 j\j^ R 

- /v = -F^ ^ Liji Oa 


F % =32N 





2t 2(50.l(T‘) 





<&uL>»l tobji 25 (jijolll 



«,('«+SJ+»> s f'<i+gJ 

rm^+m.Xa+g/ W 




^=(0.1+0. 2)(9.8+4)=4.14N\ ^,=0.2(9 .8 +4) ^2jj jyj 



T, > Ti J j?-- ^lun# j .Ijh^ ajA auv^. »i^ji m • 




.>+ V>»*> iu» ^ Ui^s .j*, di£b-» j i*j 

E 4 = E c ,iiiUiit.u»iiLu> 

£ c ^C5*^a*isji»4ik»]ijfl 


< {^^1 ^ jy (fUJ JMI * <u!f Epc = 0J 

,, = E' A o4 E x =imv> c 


•iijici^j-ojSioivw Siuai^jjJiji^^/vS 


E,-E 0 *B*& 
E fS =i»g(2R)oX-h = SC = 2R^t E^ = mgA 
|g, = mg(2R)+^imj | .oil • E <s ■ •jim'J jlufc 
Y* = 2*(H - A) . mg// = mgh *a.j 

• H > hJU, 


\v s = ^2g(H -h)\ , ii,l_» j 
g = 9.Sms ■' . h = 2R = 2*3. 80 = 7, 6m ; H = 12m 
|v, ~ 9.3ms' 1 1 . v s =yl2x9.g(12-7.6)~9.29 


ol&> jii ■v s *Oms~'i£. r i Sauii ^. 9 .H-I2mt us,*! ,>. ■•■«■■ uau 
n ^luiWj -W^>i ,> jV* *}»} — jJbv Ja^ «i4«i v s oi lu^ji II <h = 2R 



I S*“- jWai# E,, = mg// .(^jii 

' E,=mgH +n ,^..^1 

l g -< = 23520 J =23,S2 HJ\ e a =200 x 9,8 






t/j =0 p 2m- „ jl d f = J— ^i— . iTl • 


t * a jbkd! /4 

A/ : j L * 

■ UJ 1 L ^hf d— ,^d^l -^L-*.- qj 1 J I 1 ' .V f J.V J : * I ■■’I 'l * 

1 * 


-U. >-i J ! ,_ r Ji jli £ £jjl : / j 

ja , P 

J Lil ~ lI 1 1 j 1 - - 1 ' K>T l£ 1 i *nU iui- j JjLL 1 Ji j~- ■ 1 1 i /? 

P+ ^ + /? = mo l ^ ^ F = wii i ^jUJi (i^ 1 

f = ma + mg sin a , -Psin a + F = wa = 4^± ^±ji Wj-*v 


/’ = fflffl + JSWftj 


* 


g = fl.tfflmj ' i m = 0. Mg i w u^Uj a s a, - O t ?5ms 1 , jjkl ^ 

t) W -^ GaaJ la^ikN jji 1 -LlJjj F — 0\‘ ^jUJi j .^L-V 1 ypi O <j ij jij, tf j£J 

• i! /" j a . ' TiJ i Jjjfl j qkti'- 

0 - mfa. + g sin a) -. 4iiUJfl* ajUJi £ F = 0 ,V 


- ~(-2*5) n vcc , . “A- 

vintf- — — - — = 0,255 sinor = ■ — - 


9.8 


K 


> 4 ^ j i fj* - -g sin a c^'. 


*=3,25^ ,m s F - !{O t 75 + 9,8x0,255) . ^njLdi^u^ 


loaldil Smi aj) 27 cJJJtflJJ 


4^j *x>- -jj Jj iLtLu^jriridlfUd ■ Li^u JlZkIJI i Ll _; ■ _■! £" 1 ' 1 1 ■■ !.*•' J^- a J_>- -J 

■JLiKrjIi *n ■ - •■■ 1 1 .Wulj l jjr_li^ l ! _i S j 1 i ■* I '■ it ■ ■■ ■ n ■ i -■ . .-l 1 . 1 . j.i _*~~~j : ^fc 

*■ IJI J ~i I "i ^ | I< 1^|> > - -rt-J J j ^ ^ *_1 . 1 J 

j £uu V JJ I d * j rt ! 1 |^,i j’LLT-l' . IaI lii i in 1 ! 1 j 1 ^ ^ jl I j U ^ 

dJkiti 3 Lkl j»£Jl ^Aii L Jiui/Si , l jjllajrt ^ . 2 , 4 A 

. J A J r? . I? A f . 2 1 4 N n j ^wul J 1 J^! J] j(bu iti-ypl iji^ h'fc^ij i4jj| j 

j i mi t 0 ; V Pi <_j?j|l jvud PiAk i ;J* . w i' li^^l .^^j'j-jJl ^jfi-1,1 JUw h 

b^J Jsl3U 2} ^Ji- **l 4 ■ ^ ^ 

. >JU I JM* r -i-» '■‘I. ■■_■» -LhLi- J= "h t'j-J ^Jl ^ be J p-^JJj .^K 3 J'j'js ■■ L ■-.--l.j. LI U 

■ A . .-uh ■ Lj >Mrth ■ --.".I lA JlJjl ■ d_j'AL* J ~ UlL^rt ^3^ J; 1 1 *■ 11 ^ izu^i^rlj 



jVi j <(^103. JSiij V^JatjU! ft]Ll I4+A3 ^UeLuLi JU^j 

Wb* ^ : J jS) jAli *14 5I1 ftbfci'Vi ^ . it f llik^g 5,_.-^, mi t J ™ r 


{ 


2j<r <2,d,? [v iU]i jjUj, , 

ilb AfL^ 

til s^t } .*14 v^jll *laiW ^ jiUaUb «i < j Tl ? „» ^ ^ ^ e _ 3 

■ ^ = 2 ,( 5 S' 4 laaJjl ^ A^ i ps 4 l ^ . ( j. 4 Jb- ^ Jij >lj_ -|. 

2,6s <t<,S,Os > ^ul j^i « 

A 4*^5 .(i^ailall JUji M 

.(iajji, iUL» ^ ol^l) aUj^l .atjUi* |£Uaij^ 


1 


i 


f 




^ « £jUUl A^a /2 

dv 

^ — ^ 'O - ^ * » ■ ' 4 4c. jijl a jLjj h{ 4J jj4L*1I u ^aj^Li JjLiiJl J ^u. 1 . 


I 

3 


.fljIgW j* j^lei J V — f { t } At h i K*o it 'LuLu 

15 -Q 


J 

.1 

J 


a, =■ 




2-0 

O-JJ 




2 ,<S -2 

-/-0 


= 0 , 7 S/ 0 ..V ■ , Jjift jjM ^ 
- 2 ,jws 1 t ^ili]l j^IaJl ^ 


L<7 


i 


- -2, 5ms ' 1 s^juji j^LJi ^ ‘ j 


3 * 2 ,(S 

|JA< julj 41 t i 1 l l 11 H (Jj = dj 

>4 'j#* ,[ tjUjJJI ^jnij Lafi j.i 1 3 % jbJi A*jj jA 2 jj^ 3 l yl ■ tj - 1 ~ h - -it * ii«Li aJu ^ La 
(41 t = 2,rf.s il»Jjl ^ .4**^ *4*.^ IftJ ^ 2 ^«a 

h-jJ^iJI □l^j'j'l ^ j'ji i "i_i j 1 dij-^za _ f _>- j _■ *j 




j^La kiC. j'.-’H n 1 1 kjWll ■ _■!■ -^- «’ 3 

i^L t* Irtlrtf* * ajaa^j ^j]l Aj ^ LlJ | jJJ £ = dj i I jjL]| ^ * 


U k 2 _ 
2 


x iuciiff 


— * i l ' 1 1 1 a > Lli 4 j '> , \f — t/j e 


d } = /, Jm 


4=£U5»|) d, = 'ililM . 


2 









>11 DlSoJ J«» ,} .,*£» Ji* <«-»■ jJx uuc /£ 

3jn = sti'-w > feiSu. j u.^i jifi. li! ui 

...!!!?ii» uiit .L'-. .-. >,'j. ^i« „. 


jjUiaii** gliijj ^ ^jUll J,L» ^ w ijLU^ *^3, ^ 



.ON i^aj, ^>J»wi»ojfc^uu/v3 
*1~ ^ oi^ Ji ! Jj>n. yu> ^ 

u J j3 ^1» 0 Bll $ UJlc vU£» >ti* >ji j, 


JaJI 


■^t 1 ?-.)* 1 jliJIJjJII. ,J 

J»*>uyu* ^ 

P+f=0, o x'£ i F al =d.[i+ 1 i .3 

T=P .U., +P-T = 0,limj* ll | U*.„l£.WJu.)IV jj 
-US' T = mg l> i|.T = mg 0 a J 


= lON.kg ' 

\m=0,24kg\ 



JjjioKllAljjSiVlOU* j^ijw^Sl/l/2 

fO.k) ,,>Ui. 

iojsu»*i»i 
Y,P„ = MS 
P t + R = MS .c>j|.ju->l> 


R 



c O JLm j| 


Jlij Vi] (O) Jlj jj]l jp*i L* j J jA ^Sall S ftlaUl g^l-i.;. !'■ it jl U^ V 


2arR 


¥=■ 


T 




j j'l * U J " l- ~ -*- I 1 Ji J 1 J I.jjl ji .r. ■ ii % -h". 


jW* ^ j^LW.'y ^ i^uiiLJl Jjpn j jjlj s (^ 1 609) JjVl JJfcWJl' * I 

^3“^ , . i ^-i g£Ji g j. . n . M -i j-j JjjsIjIl £U*L)i ^»-4 T h * (f 1609) ^Jlii! /i ^ k 

* 

r ■‘‘■J^l ■■* **■ - ■ J _; 

^aSj, Jjp. jSJJ T JJl jjjJl - ■ -1^ - ; (f 1619) iJliil ^jJH«3) 4 

T J . 

- ’j ft — jl-li* jl ^1 -.AjUl ft j^SJlj frail JjU. j-jjj 

K 



>ljj! L-j-ijJ 1 jijjiLs_i 

'■***} ^=A£J' *£=>>> ^1 f Uai**,! jlft^, ^JUSl 0 \£ ULa J. + 

.{ J jU,U ld*a J 1' Jj- Liu^i ) J 

,_y*jAt AfL*t = 3 .jiiLi Aiai JLi JLt ,_i£d$£JI jku J ^ J jjfi jfrjlik* * 

siMaii UU ^ j^AUi fUflJI aJLk ^ pjjUjil ,*1*11), ^ jJti jUl 0 I 

v' 


4 





il ' 1 ^' i ' | A A^jaJ A jjij Jl iijLr iuiljj jljjka^l 



4^ l*jLfc4 ^ ^ Jjlo!’ 

. aLu] j a jnU4 J -fl. t.S.H iUj'ii ^ ■’-=> ■- 1 h 


■LJIr 

P 

■ 

^ ■^' 1 m 

/ R/^ 



■ .jja J^* 1 — 1 = • ■■ Jl ■■ 

Jf j 

JT - 

V 

L 

., v -ul^j! # 



f 

. j ZLldUi : l r lg~i 1.1,1 ■ 

F — ' 

<c 

r 

/ t- 

o 

s 

■ J^s jyuLu i ^*L>jl fr 

\ a 



Jli=s ^ jUiu*JlI VJ iuUMi i l^UL^ ■ 




L fj !^ | I |-.l1!', # 




! ijjl 8^ I^jJ 1 7L*_!lJ 



- b <JaJ ■ j ■■•* i- i_1a_i_>- £J — ."i j L j ■■] [ ■ i 

. jliull ,_ T ij^ f4]dli]l ^ : aL^L>. * 

.(O) jiijjjJ' j^= faj i 4 ALu^ » 

iutU iJaiJU 


f4lh4 41^^ tfl ji« Ijl . 4ahn « jj^b ^>>> ^ (AJ) ^ulSl^I ( «M m ^<JI jU*^ / l 

R. 1'renL‘t M, N ,T } 

- kJ ^U l r*ll i_l3- jl 1 V Ul*W / -^■J-^l'l i-ll -*' ' -*- jl* ^ I*'" A ■ ■ '■ - 

,. _dv _ ^ 

— i 1 ' 1 '~~' Jl-jJh? ^ fjLiiJl P Ijti gl Uu {JL 


dt 


X V "/ i < . OJ birfJJ ^'iiftll CkJ j 11 1 


, dfvT } dv- df - 
a — — - — = — tvx — , a 


di 


dt 


di 


H Jbw jj'juJ' a JA j 1 - j 

dv 

— - = 0 u\i* v= J W 

df 


dT v - 
— =— X J V 

ti I li 





j! -Jtc- ySLji jsijt Ju^. J« .J^ao j-jij Olivia 

'ifp'vfij** JJ^.1930 r ic pjjalj u^«&> -*Ui£=i ,V3 j ^.jai iu wsii .ua 



u»!A aai joib JUa>! ^4 .^iu F, \ A ,>jSfi ui» M ia»ij ija juji u» 
e GmM - 

^ = - — ^3— « ■ ijlf-IVJ-i F, a j F, A =ma .&* 

.(-lijUinoj^liOJ F, a 

^ ~~ C (2 +#)’ “ '•^ us ° r = R + Z tm 


ill 


»j» Mi.) v^jS» I«1 ^Jl s^l, Jb^y, 

,F = ma ^^ J iU>o t iiajAxi_i/w , iiiua..a ^ ,- , r 

(Jta ji~x) (O) j£,j» j-i 4^3 iji ol» <u<ij 

F = nrn = Hj- (7> , sl » i > a *^‘^l 


2xR‘ 

F= ,j. 




T‘ = KR‘ .jji ^7 = ^ 

F= ^jjtr 



mull y i-ii) .i4< j- . i- . «» .u> y u>. u-ma t»u > 


^ Ui. U*i*j »*i JJlcJu (B) j (A) k^JJV * 









-Mr -- 





7 Jf&7 = & ’* r ~ 4x>(1 m~ 

S 7 " 




A 



R = fi» o\i .ijs-Vi 1*5. Jc o>&> «j 








jlii *<»S O' * l* 1 " S* 

.yik*. uu, ^ jin ^ya-n ,«iyi jiyti jsy, 

J) Vj*> <w>>i JjJ' U'J 1 — sj o-jSI 1 £> l*'*“ o* '2 

OjS, .|^Jl -V-5S, JjJl £j»— i» ol» vljy *4^S >• <5|* *^S <11“*“ eb* s* 4 i » # 

.^w 45*^ U>U ItjLi 

2x3.14. x 1,5x10" a = A** 

365x24x3600 T 


\a = S.95xlO , mj , \ 


^j^>*JjM.T=363.2SJ u ~itj ) »'*jt>)R = UxlO"m.M^^ 

v * 300000km.s ' . v = 465ms . v*30kmS' 

J^l 

v J . . v’ - 

° = -y« J a = -^ N ■'“oWw^oOjyoi/v 

_ 2ir« 

* * ‘j WV 4*1*5^ i, ,5U)i i£.j*ll ,J ^,11 J 5 j» , 2 

^L) U£* 45,11 jijSn Jj» Jjjl iyijill SjSJl 5 !** j, 41*45 jl jl /3 

2xR 
V- T 

rs 24x3600 = 86400s oil T»24h 3 > . T-23hS6min jSl 
2 x 3.14 x 6400x10 ’ 

86400 ' R = 6400km 4U6. 


4,1*511 \vx465mjj '\ ^ 


- . ,*»*» J>> yi,* 4Jllac jt.y. 4c*. 0}«j A 

T = 365. 25 J = 365.25 x 24 x 3600s 





jtmjA f . 

.ao*b i*u*i jjSb v^. jSJi fej*. • 




J WJUac UU. y^ifl ^1, ^Ld! ^ 

10 s ms' 1 =3x10" ms ' 


k=jx/ 0 -w^ +.&!*£* a . = ii 

1 '* s ix/0» s Jfj 






t‘=kr’.. 


■ K vJSiLil .a = Rli» 


K - *>•» jW*VA,i 


k’ = G-rrk^^.^ 




ihJaluaJI y ■ l " nl1 laug <ujLJI yi^lu : 6 ujjbjJI 

iyil^^-ox^k^l^.^bji /I 

-O JilM U» E'jJl C)S^ O 1 * 1 £F>4» !>• 1^ o~* '2 



- i jLuJU >4>.u k it ^U> wjjjJ» p»ili <xtu^» Ul 


G = 6,67x10'" N.m 2 .kg' 
.(kg)*(A)<~*JiV^.M 

MlWHi 13*.'A! 


j ojiu* u*/2 

(BJ ,^JI Jc »,* jJ Ul Mi (-!■» ol ote ^ OjiU* o' .1! Oi** 

. F, /x »»>< F„ /s iji; 


^ 0JQV> <->j)\jBJ_ 


. fmJvfciOWe^^F tjU ji, ,1,1 
yi» J>»» >» tfl» r , R . m jkj, i,i» .an i,y* kd os*ii ^uj OJillH j,...,. /v 


F & jl*£ ,} )£ , ( T) i jV*. J» .jlAJ ilUJl 0 ^UJ, I I. I. n 

jj ) fiS«i ^ji F ijili Sj^t .iv.,~ 








2n(Ri 




F = m^ viiao^u. 



• «'»!' ^ iu^Ull ivjjHl^. } 


*M*a 1 Laj Cv u^^y lJ<i) i vl , / r = ^^JwiWojiU 


V&>» £*>» Jjili. U*l ojilill Ui . 



) !«*>} »*j fc>» »*ib. Sjil j-uv oil *1 .Uiii. ^U^Ji J^ili 





<*>*) $ fi* o**±*'+ 
, .SL^iU £jl*i ^ ^IjU- jl^fc ^ Ai* ^ J** O^iUJ* -|~J /£ 

. JSJJl ^ J-O*) UA J . -l*-' $ £*j 



•Uii j v^^sji j ^ ^ ^sj ^iim o*aa» oJ /> /2 

Jjlil! JSJJl ^ .a*jLJU JUi4) ^jl>i JU>. **jL«i* 


e^j" a •**>• >>•-»" ?,<#> <jy ^ 

. (P, )(+]»$ v, AX.j-^y.j&^AfV, 0 fly 


fW/v 



|r=mio , t| *^j 


I(6.37.I0‘ + 1.36.10' f 
I 6.67.10 " x5,98.IO" 


T = ^^- = 7 ’ 80h = 7h+0 - m 

0.*0* = 0.80x60 = 48 min jS 

(T = 7h48min | oil 

Ml -ULiH a jiiiH E uiij /4 

, ^(R + i/ ... 

7 c5— 

r 1 ¥g J 

ffl+z/ CM 04 








jloi )>) .SjUU ji oj£< »jU* 




■uijHl) H 1 ailloc JV tMjll («< « ., II Jl .Jjilill ,» , J>bJl . 

I i T m Mjn GM,m 

~P~~ g 7^7 = ~^~ 


6.67.10" x5.98.10’ 4 x 1000 


\f — 2,45xl& N\ 






w^mgXfydr = mgXl~ r i:i 
|w=mg t i^V~i.y| 

w =imx9.8x(MOOxlO’y[jJ w - 1 ± ¥ J 
\” = -6JxI0’JU 

Errltl liill 4i.l£» UU ijl*. /I /3 


p”-B^ 0\* 'SKliU ifkpJU,, 




(rjjfr,) cw^cu-ji j4»ii J»iii uiic 






C^fr;^ g=£^L oll p =m g- 9 m ^T 

go-—jq- *"J !•=«,. ol»c>*J 1,l !S k >“ 





MwJ j»» iyo ^>11 j»ji /i /2 

^Jt (M) ilo&JI ^ -to.$j ^cLuoll ^*ijl ,jl o®>ii 

*•■*** J! ■ 0 *^*' j*>>» 0*- ( r ) U»i •**£ 

.(r + dr) in, ,>^1 ^c.aap(M') 
v*j** jusan .ioi (dw) ^i^ji jjxj 

£Ui £Uii ^.un djsji= P jiai 

dw=P.MM‘ ■^iSioX (MM’) juu* 


P = -Pu 

rf>f=-P||i/|.||A/wj ^ dw = -PO. MM' 4L. S 

|"| = / oluc. d'«|Mfjp:ana|wj {l s 
dw=-mg-dr *i. } dw=-P.dr oil 


'* J ®L£kCiJI] q 







V£«»c > .Jllv„»s r JoiS3 u to.j Z-tcc JlvjfcjSJlijjUu**! 


v l = J°’ + 2 g 0 R(l-j£—t .a,U>v,» J l ( e^ u i ) ^l 

•M» infill Uijl jykJ) ^jlUiVJ JL.3W1 »*pjl j 

60“ j*i» uijin 

5026,8 2417,6 11200 v„(m/s) 

uA» jjjlj-Jl J«iu HI j yijiu iHiUH Vi >sa Vc^_> ol la»5ii 

vni?* «>• ^_tirti...~i 



>>jSn ji»- >■ (z) tuiji jt uo. iju; / v /3 






.«? =g 

:^J.l 

S la *. Vi lju <1*11 $ UU iij) Jjii a 
<jVM c ~" ,tJ) ».'... j*. J , .C-J 4 

Vj*‘-y t -j-- ,ll< -' 1 u..t,r.-.i-..^ 4 

-J>l <Syv »ljj» Jc > j* .1 *» . Jtftl « 

S Uutl-i fl Jij* .iMlllvjSlstJjVJJ** 

!4bU 

■ t)i,« 4 l» a_.....-.ll~n ^-.ii 4 

cl*)! J.1 

•*' *» >s »* 6* -^» ol» ^lun, j .i4i^UoS4|Ji4^i.^-oi JI $ wb 

Oj£< Ulaja. j) J («4U jw&» (*»» -aij ‘W““ p'“? J HI 

■*'*» .JKS*! OSjl i~-UJ J«_j ,0 j .l*l^U 


■ ^na ->»a vM (ojig • v*x) »*>- js^ * 
v(l) it. jail j)U SU*> 


J 


4S.la.3il 


L 


6 


,g. ,u.^ 'j^ ,^l Jllll A-^u.i > i v 4^- -^ i ii^ju ; 

g tHj-iji inili o*3u+i. 


1 IJ&> lj>«L. !«_*» olS» li!> |»-?j' illlac )&>• . ,«lli» iUii < 

JjlLU.^ >bJ< 
**»•« 

.l^ll^^-o. J**U01£ i^ll - 

,n = Mg .Jl <.!#*,>“>>' 

•£I)U ‘'Ml' lV* **'*11 i#isuj ills* = £1)1! >!** i!l~ . M 


.£ 1 ) 11 ,!** V .<I»U ills* />„„ , d 


0 


4*11 > ^Llll lifUi =lfey*l l«UUS)l UlUll /2 

j u*^ rm> «ai^ <_?- 141 e^~ 41* !«**» j**ii 
(JSA*).!** 

< ^ ) p Jil*M * 

JjiUJl.iS.U. 
■Ji-snyn .ilt?-. 



ff = A/g £1)11 «!** Jill 

jilli ,uu> * £iUU i^uuJi ins* = £1)11 ^1111 iliS= M^t*- 

\x = pyg\ o3 M = pv .Ji 




, 

m dl 


jaJI JbjLaII AS i j*j jll 

dv 

ma = mg jlm — = mg iuLaUiH UjUU llo! 


v = gl*B .^UaUUiii, 
\„^*(t = Os)i+ iui,vi j jl jU: 



J=^j V 1*U <1 JU^ ffvn^. j 4,1, «i, 

f(v) = -Kv" 
lZn <2 ojSjUS 



(jlUi ftc JSwj) s l*» ^ UjiU, kk 

■V(t)^w J ,i c ^^^ w aa s , J niifaiji,v WJ< J rvW-u 

.^fUisjj^iuisafUiuiawj-u, >ai^| 




*p 





>J| L jiUl /IV 

■i 


P = ma c 



< jl.nl i‘,ll aUhaII . 



»„ =Om.s‘ ilii^Uijl«>-ajJ*>J 1 J 1 >-l'f!lj!j» 


.gjjiu os £j u>jt- j •>» !=»*-» ^ 



f IjfJl j vLa ^jSLill iji-Jl JU /,„ 

. ^ tiji MU) c^v ^iU ^ ji ..ui f -.ijiH $ . m aaz, ^ ■jZ' 

pjmir.j 



/*g/-ji»-s*li»us»,m 

(m.s 

j^...^i 3 ^. j.ijii -. - . 

g u»i**ijl «*iu 




i^vll 1 jt.Vlt*ll 4 W. .U # 

P+f+g = ma c jy-i * 

P- f-x-m-j- ]*&*'&• 

dt 

\ mg - k s-w= m f| 


• 




,l»aJI ^ hvvuil iujjaSUI . I 

J! bji-* >• i>*i* »WJ# l Y / ) *i!Uoi: »£j- jjW. iuo in jii U^ift 

■U^jH>J!*lt^}UioJ 



* M u j-« I V/,„, A^JaJI JJ£ /2 

,>VfttiioaJUii^U T >01 



J=JI 


J»-J *»j r/ = 8.5s) ilialli J! (t 


(,,iim*t fiioiii 8 i) a^iai^i M» f • 



8s) aifc»U ^5 0*1 iU=J ^ Lui, 





W&H (,9 cJoo b>J ^Vm)\ 


.<u*u /" 

dUUufiaiiuj* 
f Jli.|Jvil / =0 4 >jB v=0m.s~' 
P>f +S , tJ ma»fiiitaMb.j . 

P =/ + J? . |»iUII filial AIUJ . 

« 1 MU I 

(2cm) -i*jb <0 9 ^ ■ • ■ P un* jILiJ js= j • 
.(0,5cm) CjJO «J jlo £Uv sUi. t W • I 
,11 /■ /''ul. 

■(1.5cm) 4,1'. £Ui, / Ui. Ul P jjUj * , f jjS,j < 

JgaJI .""*? as|nu jgbiJ iiiliiliViH dJaLuJI Ja : 2 uyaJI 

UjU .IfUw bjSl .1*11 ) lojk-!l .glUac »jU*j ^»lo- ,-Ujl. ^ ^Ju 

■ p - 7 ,8 g / cm ‘ \ 4 U£= , ,R =2cm 

V = -jxR 1 P M =1.3g.L~' Jo* 

/ = -Kv bjb)\,c 3 p\4\Si*.ib s i£Uii/2 

.5 j£U ^IfiUJl U)UI <d>UI o,iU!l j,. .u-. . 



e ujt bjlfC. la£t 1 1 /4 


<•-?•* »£. a ^n«iii jjua /v 

ojo ^ 


■a. hv .. . >a.j»» 0J c aj^i j «ji 

- JjSdjiill) I' J,* ^ys ill^i i,UiUi> il.uii 



<—*iS 4»U ^>kJl J*!*- 

P = mg 1 , 2 * 4 , P 

i aijii m iiib i*uii oil •», oK> ^ « = o' U jj 




\n*0,43xlO j AT| 



UaUli /2 

•“**» & J&, vw ^S^il ^iU* o»lU» ^ ^33 

»A»v* . ULuJI • 

-l*lUa£ <U*3 ^Aj (»ix* ((),:) jA : ,-tlall • 

P .i .f . jjili . 

iU^li «l>l dUU> o ji . i*li.uX ,5 Jill • 

i+f+P=ma 

-n-f +P = ma ,<0.z)*im j»Ji|»u. Jci«u-vv. 






P = mg 

( m ) *££B „ 

IrTf* 

.Oil K = j*# J 


fel JwiliJi * OOpilui,, 


oli j jl Ujj 


^tjaw^-K iejii. . . ... 

[* = />«■ >t J**'g| <vX>>J«4» M = p„, xV =p itr 4 -„R‘ , 


/>=jT*Vg 
« = 2cm -2.IO ~‘m 

L * f = 7 ; gx^* £ / 

cm J (10- m) 1 

P=j(3.l4)(2 xIO - i ) > x7 ,8 xl0‘ x9.8 .oil 
\P»2.56N] 


tin 



■ = Mms' oil 



u lhn jit J^oJI .JL^jal iinini : 3fc)aaJI 




1 

t jj" tlUJi j J* .a. hv .. >« / « ' ■ — kiic Jy-uJi »*.,_» Jt 



1 |n». 


jf _ «>g-Mg 


jj ojk^j^uy 5/ £iio<dlij |AT « 0,0325*7 1 « 

«i*li JlSiKt i*a /£ 

|/ --0.03jp1 .on f =-Kv . 








Q) autiiu UUa» 

ZF = ma .(osj^^uiiojiiaiiiniajiiu^ij^ 

P+f = mS 

Uac Ji-in ^ «,,l> 

f=P-ma . oil P-f =ma 
V =m(g-af I ,P-mg ,j£i 


=0,24N | ltJ im^ / = 0.04(10-4 ) ,. 

ii.ll A o!!a*V 


i»ucjn«ii»i v aiivuj.iAi_ii /4 



-IEZD- 




' = £ ^ iiL -OS * =« 0 m 



iaUi Ja^ ^ jgaji ULiial 09a fcaaai : 4 ( H> «a Jl 



. fe) i»ua £ji_i wi*, giiij ,2 
•“A'WjyjA «ij4ii 1)11.,!. ,,.,,-d /3 
■(g = IOSI^-h, laju JU»! jUi) 


'•(I I ifWII iflAj} JJjUl) lad /5 

is.UilUfc^.i^la /1 










n - c'V> «'*» o-v** j 1 »« 

* Pm^*r!8\ '*»» * = Pjg ■»* 

• p = I i*~ 



ftT = l.3g/L I Jg/L 
Ju^^SJP Jf |j=«WO | 



l“)^J •'*«“ J) V = ' iiMJV J^ijSJ^.J^k.bl/l/l 

f =6mjrvi J f^j a ^ ce»-pJi« ij4» Mo'j ft. =l,3g.L~‘ j* v** 3 * 

■(u^< ) *>*» a^jjj 11 = 1.8.10 ’ Sic** f=-K V.V jl 


jsijia j -. i .- u-ii jubuii 

......2 




■ P fU rrS'pWij* 


7 =/,« xlO-‘ (a f =-6 nr/rv 
f --K v.v 


(1 


p _ •? M’g 


P 2x7. 8.10' x( 10 ! ) ! X 


Pi = P„. ■£““ 

P _ 2p,rjg 2x10' x(0. 5.10 ’)' *9,8 


<f*bl * (oo) Hjma o|J <U|*J 00 , 


$ <4 .(Ajlolt AJl>- J If .lf Jmuu A^tojt At jli ,jiU> $1 Jji'l X Ajtdl tip* 

dv 

AMUiA) J U.JS»^a = — =0 4->) J! j; U»S .AJAAiA A^AAJ i A£=^J 
JjiirjjtAJA—Jb. 

0+-^- = 9.8 . Vtm =3. 1x9.8 


«30.4ms'\ 


0 + v 2 =9.8 . v lm =yj9j-3.l 

g=PSP| 

»^Wj Aj^lAi* K to At^i AijU. / v 

jij^»^.A,j-»li v to uusjiiji^ v, m = 3.lm.s~' .(b),pui 


. jjiji M aa,i_» aa*vi jt.u^/i/3 
1/ = K v' I --Kv.v jl 



P-f =0 . P =f . j f oJi-SIij«iA ? . J U('£te>j J »liJtl.l»-5(U) 
P=mg--xr!f>g ,jO 
/ =jx3.14(0.S.I0 , )’xl0’x9.8 .oK 
/ =5,l3xlO-‘N 



■ , jUlbjlai. I 


K (g) l«t jl-ij a. 


A&^sJlA^la/g j 
•A ■ J*uJ' A . 

•0^>. Uaji- J}ii ji) At ; 1 — A* 

» Q)Cl« J ilj. J IUajVlfllaJI >!>>., JjSHALtjll 
JjjCI« < i). l «MjJlflliAjAl»jt, A < iUIIAl».^l 


.1 A^AtAOJI AbUI ji-li ■■■■«;• 


v=0w.5 


.2 aJjUIi JLi-b . ^UJl rj*4 


a„ = — = 9.5 « uv 05 *j v -Om.s 

q, =g = 9,8ms' JubJK £jLJJi osaJjti* ili. J li»Vs 

^Jtj A^iii. vj»j v -Oms~' cjt / =0 ojc avi»ai At»J ^ AiS jlji. u*j 

“i“) $ C**** a»»i» M*t oS .<» JUiWP AJi l*iil A^ili. .Oj 5>i 0J O 

,o = g = 9, 8ms • .tA. s ffld = mg 



a 

u.^ .1*1* ^ WL> **- J^' ^ s^JUJVj * , 

. f .JtSi*.Vti **£.»*« 

. ^ J^tt* ^4 • 



r 7 N.s J .r 


k = 5 - ,3 "°; 

(3.1)’ 



r jX^illjUu-l/r 

sf» v““' -yiai w f >B >» ^ 



~ &* £U3j» 0» «>J .do “ &> 4W» ,>j J jyt^jl ^i£=ja. J*»-i ni, ,0 

" Ul >*' j-uu >11*11 M) All J«U !*> » A* .-.Ini.. JM £1115 ijtt V L> 


!>/ "0-5*1 ■oW>* 



li!^.>ll»>S>-., > .>,l»tj 
•»■ &> V^-l' »» 1AAJ .AlUA! 


M »*>' J*S >ii |»-?J| o' w W*!* 

I luiu J «■*» su,Uu ,>. J£, >s Cjife j,* J 

iujlA. ^13 oU '>11 »>i) A-— JV ul 


i>" £> » $ Aj> f >!> Cy> H .l43>>» J jiljai .'»)' jt J»> 

^w-* g**. j*>i .i^ 

»J-£» .I54I1 A.jli» ^jl£= Vi| 51) ji»3 V >-y ijSi j(J A>, 


dv 


ch> 


V * . ^”“0 tfjf , tf, ? JlL^ f + fl = "— 

£* <* 

■ cllii^ill L^jjS L*J ^U..^ l -lil lrhjx l j l ijjli f fjjf J u M. Li 

^,■ 1 , “V* f/ 4 0> , lr Sj ^ (Ox ) Ja 9 .jJi 


cfjj a = 


^ _ v s , 


3 ~ - ”” 1 wj^*J uJ£iJi ^ ji U£s$ 


v flj -t^cof-a 


= Jj* 






Li^jJ 1 V £ , i ,1 V ll l^'l A£. jdiyU dy J ^u]l j ^ll Jrjijj jS^j I - 4— 


X ■ (J * - i^n ™ M . jji-ifi i^ r =v fl sin a 


v. =v tl . =v„ cos a ., 


o 6 r 


*li»^iU^ ,J jf^) ii> <Uu ^ .*,' =v r I +.*„, jj! ,v r ( = tSJ 

dt 

'j**x*h ■ x 9 = 0 m Ljjti] j^kJi jj $-f t = 0 s)ifrnji\ 

•£' -v =v e cos at + 0 

dv. 

V S ~ & + V G; 1 J ■ — *“ ~-g ■ ^ ,£f. - ~g , LLajJ JjILi 


V = (v B cos a)i 


V 7 =g< 


+v„ sin a 


v #z 

dz ct 

— - ~gi +v 9 sin & * ji! i — -v. o 1 u£= 


dt 


dt 


Z u 0 fit LiAl V -d-sj 1 jJkj’il th-AjZl jijl Z ff 


! 


Z=~&'' +^JWo)f +2„ , 4U*j 

J 

= ~—gt + {v 0 $ina)t , u i 

; ^ US 4ju JH 4¥Jtfc*]l 

^ ; frO lwJ li dukk^tL - i£_ * 



( H-jyu jJ'-j AI,,-i : jJ | jLm> p 

rlT tf 0 COS a) t . f / > 

/ 

jrs ™^ J +(' v„ sin a) t { 2 ) 


4 


bJl Jj^ J& A£a _ 4 


^ g ViW *-■» Jii- ^ a ^ Jii-I jt + V S v^.1 ,-. Vft1 

^Jp- ^ -,/ ' A ^ 0 U*i’ J t —0$) j^i_i- ,y t kU^ i 

: U AjflnJ 



■ i i^rfj jl y'i'n 1 1> ,^11* ( ( ) h f „ y , A J 1 E ,*JjJi * 

1 ^ Je j^U P a ^ f iV t J^j . jpf . f fV J ! P J J ^i!' * 

.^J^hJ'i t AjLsAjJI * 


Jii ^ 

■ Ai*>Ji rtJUsi =/»« 0*312]! jJii 

/Wff, =• 0 OJ3 ^ = 0 jV ^1 P M = ma T , Jaiy ( Ox ) ^S\ j^JL. iiyjl ijA laUu-b 


= 0 m _r 




dLAJl jl 


/ J . =-wj? P. - ma. , a^i (Oz ) jjmU jcua.yg 
g. = ~g j = ^ ! -/^g = wo. c^i ^Or ; P. 

<4 V* jJ' 



v 0; = r^iinQ 

4 

A 

o f ^u, * v^ma 




vjcn 


*(m) 












Jt .l^jt 


r =f(x) 



>-«oU **lt} £loi ttitu .JL a £A ; = «v ’ +bx JSJJi «JjWi 



— (Ox) [a. 




-mg = ma. . *i tfh i_i r jui— : , nm 
- [a, =-g=Cle\ .jji 


, n&^ai iVjun 


ia] .(Ox)ji, t 




-0,01 7x* +0,577 x - 0 ; x(-0,017x0,S77) = 0 
* = %j£** -°- 0 ' 7 * *0.577 = 0 f 4^ M x = On, w 
[t=X r « 33,94m | 

. (DtUuSt^ .V, iu-i .liu* tsW f ;V» U 

r.^uyBA^^s^o i^Lu 
,*i»i UU»! ,» Jjuw » }> tt J5*i 

; = -0,034x+0, 577 , j^aUilSVj.i = -0.017X 1 +0,S77x .L*jl 
\xml7m\ . il nx = ^^ .*i* } -0,034x + 0.577 = 0 ,oM 
z = -0.017(17 f *Q. 577( 17 ) , 

■ |z»<g»i| .a lw u. < 



(JjUliJszJijliii) r. =Omx ' ,5}jj»ji 



-Wl + I0 = 0,x*ii ,(3 )Mx uu io^)x, 
•Vjjj ***>*»£*.>• j J») / = Is . / = — .oJ( 

|z-z, =Jm| . z = -5(lf + 10(!) 

iiu_, ^j, 4,^1, ^ 

j,ln j j\ j w iw jvs»vi,) 4*u» 



7 jz 7 +(lg3ff > )x , Uju£} 

|z~°-o,q;7z , +o,j77x1 


**,!_» il,>w A> jail j}*o/ 1 /2 

V* <57 (•-«■>' i*»W u JSI i^tLj x p ipiit ajn_. ^ii ,» ^411 oi ,»Ui 

• Jr=v , . j»i) jUUMjU.^ z = 0m ^Jtii.z = Om JifXp,0)\t,{ t iUp.\^t(p)u a iiSi 




-3. 1 76 OT. Jjifl Jail. 



(NjiJJi^^Ufc) V.. =Om.s ' 
l=ls .-101+10=0 
z s =7m 

>jKi > lai-< Ut (SliLj -. ,3 

, |U? J I iUjJ loyuJl UoUj jVlaiVi 1U; OW 41UJI fc>U>J< JjiU 

/ , / , 

jinv, + mgz =-mv ! 

v 1 = vi + 2gz jU*,,: = 2m\jA 

v‘-v}=2g: . v- =J»i + 2gz 


V =20.9Smj-' ^ V =sl(20) ! +2(10X3) , 

Ew] 




HI 


, I ji. . I = 






z=/r*j J uu>i.u./v 




^ Mljll Mu- Vo ic^v .( 0 ; iUJ J! JljJll J-V u /2 

.« J*. MO >«--*- £i-»i v 0 

14V* MO Jjsa dvwUl) jU»ii Mu ojO o 1 -u~ .v„ ji u»v 

a Mi*** 
= 6cos30 = 5.2ms~' 
= -6 sin 30 = 3 m. s' 

• (Oz)jyA.\ M- M4> O^M “ > &>Ui V ^0; 0* 

x„.iBH ssli J Mu! 

P = ma ."Y^F = ma 


.JKi»Vliji,/' 


MMjuU « =AaMj<>oi^»v • 


.(MIjjH+pmK) .»U>JI. 
(O.I.j) ,,mii. 
R .f .F .P 


vF = ma o X.'Y 4 F = m ° 

F-f -P, =ma , . jM fO,r> |Mli j£l»li-yv< 



R-P y =ma, ,j*i(0.]) JcloB-yw 
(O.j ) a, =0ms~ 1 os) 

Psina =R .P y =R ,0* 




hit 




2 +v t+z ,e4AjU£Ua# 

40) U#ll <* ¥l jlU, 



\4~X^Z\a\ 
.2u*2)l A 3 ^^V„iUUJi»jiA^ 



<051.1* SjS» 411k-:; 


bj& ^uu-! 4iU» j&.y (M) U^JI y 4LJ lj£= 4,'UoC ^y y. Ut* 

.(6,10m :3,05m) i.».) Mauniij i-.i-» 
,uoiz=3.05m ) x =6,/0myjU>>ku,f t) iyi < yi 
-5 .55 =^-(6.10)’ . 3.05 = ^-(6, 10 ) } *6.10*2.5 

4u» bj^> oJ * c*jJ' J cva/t /2 

) if ■ (HM) floill ) y&laX JC. ) bjSS I ^ fJUli JU- 

z 0 -3,20m . x D = 1,00m .^jJUU^Ju>.!U»j 

jii 44>U y yj ijSJI Jl ULi Z >;„Uv-jljU.jl_l'aJjU. j X „ =lm U-iyyyZ 
•£»U) a>»i» 

j jij»i . x -1 ,00m . I’d -8.19m.s~' , Uuj 

—(1)’ +1+2,5 ; | z =3,35m\ 


(8.19) : 




y(C)bl* 


= 3. 35m $c.<y yi(G)bf* x ju° 
r c =3.35 -R tuaj-jeo 
xu, z c =3.35 -0.125 .on 


IV M~» SAI 5»-3 ^ i“ 0 4*iuvv> 4*J y. 


*“* aikJ w-VD o* 1.00m XU* uu, -u« jifc fZ^jiuii J ,2 
jlia) z =3. 20m jtin J =»iv ( j^Li>ii».5>ai 


«a uii>» f s »u* 5> s, ^ ^ 


•Sjfli y>J cJ+Uj X Jjuli OH ,4!U» $ /I 

IVWJ jiUll M 4*4il bXUx y*il OJ £J firn /„ 

,3,20m ^ -y^ 
8 - 12 ,5cm bUiibjU, jt-1 J 


J-JI 


(OJ.k ') 

■41*?JI.I>l.a-US.S } l , Syliun^jHi . 





(Oz) 

-g = -IOms~ } 
v. = -gt+v 0s 


(Ox) jj-liJ* 



a^jua 
Vji^uvaicj-n 
V a ; u~ih a rj -> 


z=v,»+^„ =o; 


OG £U3}II^UZ> 


,...( 2 ) 


W)«SJI 



P+R,=ma . ZF=ma 
P, -ma . jm (O, , i, ) ia&~?v 



//(fiy jLOlJ,!.. . «=cvti .oJ 



"aW 

-0,149x : +x +0,825 =0 
0,149x’-x +0,825 = 0 

= (-!)' -4(0.149)(0.825) =0.5083 ; -12=0,173 
« 5.75m 

.U4SJjUl»jiV»il 

k :0,963m 

. J»Ui os^UJl $ U_Ji 5>» ji u*U oil 

.(vWUotiUo* * =x v =0.963m .1 

=Jf 0 =5,75 m a»,j£ jjSjUjit.2 




•“'»* -“•■ »*» ) ijS* o°>=' ■>* ftiuii j j£*» 2 uu»^ ui • 

iLJii^iUA) 



(BO) jU J* j* *us. 

IS3 



O >LUl jUiill >jU* HI .tap J i^b ^ *s*_- (BO) oS 

<035 4liiJ U-b. XAA *-£»,- £ OiSrfJ V 0 = J0/WJ "' a^iUV Ujji* f„ 

YQr> 5 (Ox) jCj-.. v ^ -^c—^ % 

T.F = ma .(Jjsjji) 

bJlSia-l Sj 4 juaw H»j P l«UU *»«i,li. JI^JI 

l a ~ g I ■ mS = mg .^iu*-, 



(Oz) Jf *HJ± W^J, 

a I =g=IOmj- : a x =Oms- ! iyjl 


-J*'Vz o = 0 , 

z = 5/* 


*='’<,!+( x„=0) o3 ^ t tt£Ui . 





■(DE) fj ln i. l ly (OE) ^aisii JW1 jlolii 1U'. Jji ^ 
= (lgft)X +OD . j-U ,-WI A-— Jb ("fli'; f., II iljl— J*_-.;l 



onto- 

•H* $ J • F„ M*-* Zi-lSIl iilUH Jli-J! ^.jl (jijil + iv^jjl) ^ SU.JJJL1I iLpJI l^-.-i j| 

. d) .n-jo*. id-i-j uw 0,0 ^nai,, .ju-ji »^u » ^ ytji 

^mv ! A +mgh+0 = ^-mv ! ,+0 ^ + »Y*J = £„„ + £„, „ 

•to-J»-}U 0+mgh = ^mv 1 , 

(BOt^iti :i jU ^ i£=^ji a.,,u /i /2 
ZF = ma , ( 2 jszji > ii) <u»Zj S ii^ jt ^iCJi ojiii* it-lo* 
£ + «j =mo 

laU-ybs ***t *»jU f Q 1 ,i 2 ) ah^ii i^-ji piu jj-u ay-* ayui j--.,. 

' ffiO; jUU ji, . [a =Oms~’\ 0+0= ma 



(BO) ji_ii j,b jc j»»i ^jji u-ii 




m3 . jM Y.F = m3 , jj^al 

-Psintp = ma . (Oj)f3*i> 


P + « = < 


I*/ ~ J c -/ /o.Jm| , .*,»»• ji.ij, 

. J/ili ju ^ (DHE) Aiai ©£) owlj 

Of = — • *i*j cos/? = -i— , jj| easy? = , t^ji 

coup DE DE 

cosfi x0,78 .tiA, P x38.7° 10 i| igp = 0.80 ,u*ilj 

\DE<* 192.6 m\ . DE JJM. l0i! 
■— 1 0.78 



*'--±(150.3) *. 125. 5 m 
-■ 4< 30 ) ! +2(10)(I25.5) .oil 


2 U<jaUI 

jiL. J4i Ui. jt Jisi*, ^ j i*iSU< m al*. ,1 

.(Ox) j^li Jt jr v lu»A' (» 

■(O) Mi j* v„ jcin iy^digko / 1 

v„ itjji Ju,! ja, 

JUM>u»j(.r =0mj6.t =Oi»w> l j)Oj!V.i-**^a*»»^ 
QijHiyimojm* 



h = dsina j. ^mv : , = mgh-fd 
T^mVg = mgd sina - f d l0 j| 







iU» 0*“ 

P+R = ma *t.'£F = n,a 

V Jiu JJ“ , J 11 v-U* jj~0 
I ^bUII Jc <0i= 

PcosO=ma„ .^u^Ui^IcUmU* 
-rt =m(a K + gcos0 ) (*) 


<0.04 ^ -gJW^I , , 


v = at + v 0 . a=— jSS 

d 'l 

X-— at 2 +VJ + X. . jaj.utdL. . « 



k-yf-acl | 

v = 0m.s 0) x = 4 0m i, 

K »5. 7/»j~'j i jj) 0-v; =2(-0.4f40 ^ihUjjijuUuc ^ 


j. 

|x=-0.j<»+5.7/] .,CL., * = -j (0.4)l‘+S.7l ,oii x = jat , +v 0 l.h t al ^ 



aj x = Om <auii^i« Olui^ ju^o 

1-5.7/ ..u^ii^oajiitLiU* j .r = 0»i£«»> 
+5.7-0 j . jVUiii it>»j ( = fts- uv» 

/*jl*/l/II 


+E^-E^= E ^ . (Oiiii jti») B , 

+ W(P)+W(R)+W<f ) = £„,, < oil 
ri'i + »'CP7 + (»'7«> + »'r77 = |»H'i 
j«rO/ + mgA + 0-/</ = -i,»v£ 




v b *M 


v 2 -v 2 —2ax 


°n ~~y b C &±jl>$ a s . jsi 

. Oau^LJ) V c 

a „ = v -i+2gr(l-cose) ,4 a N = v A±2gr(l -cosO) 
-R = m^ + 2grC/-c«Mfl>+gf<w«j . JHI (*) ahUiju*^ 
R=m .Jg«u0-.?g-^- 



*3 tejoaJl 



. =+g =10mj~ 1 



\[0s ; 0,606s) », 


Q//jJllyU. 
x P =OHcosj : cos*- = ^ 

| x, =0 ,707 (OH]\ 
| [Os ; 0,691s] JMI J V, [OH]] • pS 

[OH] =3,5 x6,691 =23. 2m 
x P =0,707 x 23. 2 .<*> 


xJ />o anoV$- cujVaj 



\ji Lufa J>au ^>***fa ***» jjlai 


l^jjl^u ijL^- 1 _■ '^»'l~ j j l -~i i t I * 1 ^ ’Ll * - |J "" ■ 

* jSJj -] 


J " L ~ 1> 

j^Uiii ^Uk£j ^ - ■ l ;' J # A + ft B = y d -i-S D jJi-UUi 

fCPfli]* 
Vr ~ {ArtBf 


. K 


[£MR1l 

[Aj;[B]f 




^uinn j>iii .2 

sU5^ ^ Ji ^ 3 jUJi j'9^ 

5 C +rf /) — ► a yf +ff B ^ fi (t A + ft B —>yC +S D 

h .„■■■ ) JtLfliJi ijS* . ^ jUJi ^ gJ l £* *jW J ^ iLuU *^ J *^** J| niiiL^s «jfl 

. JiUUl j^]uj ] ; '■ ‘ ^ \ 4jJljX .Uii.i J jJ 1 - ji'fcjil J* £^ r (iJilijJl 

aj DiC .5 u4 ^ ^ ^ tji^ij! 

,*i xpu*jS!i auaJi ili * / 7 * / }f <£' / // / J J&J* 

. Igjj! < 01 ^- jlij 

.« j 4 +fi iT^y C +<5 D j^i-e il4*J « Q r f < K j£* W * 

7 C + (5 /) -* a >1 + /jf fi y^j'i £ iiu^ji. &., > /f on ■< 


a ^ + /f B -* y C +5 D 


Qr 

K 

1 

Qn 






iM-' 


jj A-Ld i-l jj 1-fct 


^,U11 »Otf 1 


^UII olj-VI 



v JU^V)|jckUi4jH& Q r 


LfcJt <lu^U 

_ ^JU ^jV ]l J r jjULl^il^Ilk.Jj-llI 

- £. 1 ^ ji / ^jic j ^jif i i ~ t u^> 







t. (-) e Ji«i .£>1 M,**i 

,<4J£t») Mj ) M \ &****& 



n i[M l( ,) ” M’ii, +»!* ] 

n 2 M l( „ + n l M” 2 j a> > = n 2 Mjj m , +n 2 M 2lt , 

M, / M? II Mf I M; .^Ux.* »» 4 



E J}*aU *&»>« »>“ 

M jjSj 


^ £(T; 

CulCu u IIAg'IAg 0.459 *0.46 
Pb/Pb 2 ’ IICu"Cu 0.471*0.47 
FelFe 2 ' ICu 2 ' ICu 0.772 *0.77 
CulCu 2 ’ llZn 2 ' IZn , 0 gy 

JVhUj^c 


.. 




*4*4 -A* J4 ULx. jl OJ Si U41 4<lC) 

»» I -) x!U> xLJ, C« ,* ( +) **.,!> 


(CilxiUll) » JxcSO ^UJI 

■J>4— 104->»44)I.^ A | 


jsx») a/,-' w 


4-fe»4 VUlfc j*x< M> ^UIL) .( I 


• = M ’ia,) + ”i e • a-’U.) «u.it»u 4 



0»*4i J,1=«J£^V=V VW il 04 Jl JkfiU *!«»&> V 4'— .lii 04 M •« 


.(3j£i»)x.ljj 




'«-, + 2e = 21 ,.,, 






. (S) ajuoJi »IU!i,J U«;S [Fe, „] = ) 

[cuf; )]i =^= 


5.1Q-'.20.10° [Fef;,], 

(20 + 20). 10' 3 ^ °" = [Cu, 1 ;,], ^ 
[Cu, 3 ;,], =2,5.10 'mol-L ' 




■ Fc ( ^| j Cu,„ jti ,-, jtuau Q,, < I ju# 


= n 0 (Fe ! ' ) = 5. 10 '.20. 10 ’ = 10"’ mol 


m(Cu) 1 
""" “ M(Cu) " 63,5 
m(Fe) I 
Mlici 56 


>l,S7.10' , mol 
. 1,78.10 ! mol 


(S 2 0£„,) • 

( initial) ^^u^iaUuj 





(20 + 40 + 5 + 15). 10 1 100.10 

Q„J 

5^ = 0,781 ^1 Q, 4 = ■ 


(2.10 ; )(5.i° 07gl 0 JS.O; HI 1; a 
(4.10' 2 K4.I 0~ 2 ) ; * " [I.ltSjOj-ff J 

|Q^i| 


«k k = 10"') Q,j =0,781 

S 4 Oj" ) r iyt 

3 

>4 20.0mL fr .Cu„ lJ .i«Ji I.Og j Fe (tl ),0gg>+> 

Lilli 20,0mL ) ( Cu^‘ + 2d,.,, ) ^suili 2 jifc Jji~ 

. 5,0. 1 0' 1 moLL~ 1 4#** jjJ >i=i' vs 




Q, = Q t/ = k oj£j • 

> »W)»UiVi^jcua > i^,ijj.Q I , <k 0,, =0 0 i»»,iijtw5(iiitji^u . 

,jUia»JU^ jiiU.jj^olivWj-0, <k • 


“*“> Cu 2 ;, + Fe„, = Cu„, + Fe, 2 ;, 

10 ! mol 1,78.10’mol 1,57.10 2 

lO'-x, 1,78. 10 2 - x r 1,57. 1 O' 2 + x f 



V 


k(10" 2 -x,) = 10' 2 + x r . 10‘ 2 (k - 1) 


. I0~ 2 (k-1) |0 -» (10 a -l) „ 

(k + 1) (10 26 + 1) 




.0- 2 + x, 

Hoji»aai£ 


= x,(k + l) 


cjijaijit m(Cu) 5 m(Fc)^_»/3 

f aali Jjj* MbJi cMi* 

m(Cu) = n IOll .M(Cu) <u.j m = n.M oA' n = ^ L*u 
M(Cu) = 63,5g mol ' 
n(Cu) = 1,57.10’ + x, = 1,57. 10 2 +10° = 2,57.10° mol 
m(Cu) = 2,57. 10 2 . 63,5 = l,63g 
m(Fc) = (10' 2 - 10' 2 ).56 = l,12g m(Fe) = (10‘ 2 - x / ).56 , jav 


.a M->n >>-i 

4^u)l JLouiJl /^i 




Sx«fcVU <~oU. JjjL*j -| S^a. jl\ r ^ai^r^M'. fjjgaffl ryJUifc ffflraft jiplkffl fipgJjYD | 






Ni<„ = Ni£, + 2c 

CJ5U jst. J—dl J) J— il W *c J»iO V^V' E'jj*' 

.aji J! J s>iii .a~JU iWli Ag,' w JjUll cy l«*-5S3 cUjjSiyi »o»s 

Agi'li + le = Ag„, . i^k^i iljl.ll v—>- -^i4£= iJjUi. 

jn^jfisj-^snaji 
Ni,., = Ni ( 2 ; ) + 2e 
2x(Ag < '„ + lc~=Ag ( , ) ) 

Ni„, + 2Ag ( * , = Ni£, + 2Ag,„ 

iiMjJbl = lOmAijViv^^-^'JUii* At = 30minudi JTUQi^j 

Q = (10.10'*) x (30.60) & |Q=18C| oa 1Q=LA*| 


»m^iiiUj>siyijjc J » J Z = 2A»»-|x = x / =^J*i-j Q = ZxF 

jjijUH j»j F = 96500C .jtUiiuuaiiJjsJ') 


7 (JljaUI 



j,i >• f\fi jcus »ji£ -^j=v 4 • Cu j\ j-xa . ( jili cnt-i ) j 



\ 

I 


li 0 iJ-* 1 S 



(JaJI 

C — .)Zn 

/,* 

jl J s? ij'Sl£! /1/2 

/V 

j>i j S-wS=Su ouijuii /I/3 


Zn = Zn ! ‘ 
(MnO, + H 


' +e = MnOOH)x 2 
= Zn : * + MnOOHj 


|At = 7^h| 


MnO,) Zn jw JJ i»ti < -,.,.ii iusj /6 
Ih = 3600s jfl Q = 750mAh = 750.10 ’Ah WJ 
Q = 0,750 x 3600 As oi' 
|Q = 2700C| oii I Ampcrx IScconde = ICoulomb jiu*) 
2e jj«iZn 1 js 



gM.lO^moll , |n l>u< , ; | =2,8.10 ; mol| 

m,,„, = n (Znl M iail = l,4.IO ! .65,4 = 0,92g . ^LJUj 
m (Mn0! , = n, M »o ! ,M,sw>,, = 2,8.IO I .86,9 = 2,43g 


, ( Ag) i_Si» ijU ■***£= iijMl fjili J sa? . .Jji 

Ni,„ + 2Ag„ = Nif;, + 2Ag,„ 
n„(Ni) n 0 (Ag') n 0 (Ni : ‘) n 0 (Ag) 

n 0 (Ni)-2x / n 0 (Ag)-2x / n 0 (Ni 2 -) + 2x / n 0 (Ag)+2x / 

.(J^.j3) Ag iuii)' S.lU ***£= + 2x r jl JjjJlUio* *=■»* 

m Al =Am, A<1 = 2x / .M(Ag) u*j m = nM n = ^ju« 

|Am,^, =2,0.10^1 ij>i) Am (Afl = 2.9310 ’.108 oa 


0 Ijijolll 




i>~Vi -2-2 
jc vim *...<= ^ju^i £j> *!i» ^ 

■ J»»S» _ii^ •>»* ots J j»Si J 


t-uai ^bj si+Ji V“* ywn j>i >• 

r (j u = <S7% =0.67 , WjlJ^S»jl6.ii! 
■.*1 = 60% =0,60 J»*£J'jl£=« 

r,+j = 6% ji /0% . van 


. _ ± = ; .^ v , ^ 

A'„„ «„ .Ul,l >HUiVMi I 

r*.vm=33 % . WjiEiUH 

rj.vua=40% ■ 

rjs.wwjo' 96% J>5% , J,»SJi 

K ojl>l' -4-2 
.»>-*j£Uoab.J 

[*»IM 1 

[^],[3y^], 


(•>-ill <*Uj ji) iji-tl 

, «ij ojj Jtuai itj- JUjl 


>-VI 6 *Ulj ijl-VI - ^UuS Jjaj ■ 2 5 -^J 1 ' 

>-in -v>i/i 

J&U3/1/1 



_frJU il.«i«ll >A*i <«<=»li 

.O-tf /O-A’ 

R — C +R’ — OH = «— C + «jO 


2<,n pC.H^O, ,*-* 


>.ViiAU! Je-LiS -2- 1 

^-, 

i ..in >-i Jtiii ^ >-vi »»u!jaaJ 




<JUJ< Ki\j* -2 
!jMf\ Jeliil r jBIi Jjj* -1-2 

R -COOH + R‘ -OH = RCOOR' + H 2 O 
ajuijYUliaJi n 0 n„ Omol Omol 

Si^jiuisji %-X, %-X/ X, X / 



1 (JtJriJI 



.MM Sjljs- & jlASil >UC ij V -JAf** J*U& J» 5A-SI' O' J* .Ibi /£ 

.(Ojljill -Ui.) Jclii* «l£Ul JUC .SAp. >» .Ullijly M J^v b 

Ojlja Mb. J>0u UJjl lib Ojljill Mb. J! J-m (J — Ofl M .i>J) jjlclii* V£= : Sj^ /2 


. Jtua f Jiij U4, j .Jili J«b Ul^ • 

ic^-. CUIJ omi Ul£» JcUCJI it ,>»l bi» >3 J»b »/pJb . lb* /' 

.bb Jcliill Sc*. ,>• ■*!* J*M» J«b j* >S»jU ov*!* jb»i . Ibi- /-o 
JJb .WJ1 UUMbl li! bUc f u2H 51 i>.«» i tbi. /j 

2 (jlja JJI 

R-C00H + R-0H = R-C00-R' + H 1 0/l 
H -COOH + H -CH 2 -OH = H -COOCH, + H,0 ^ 
CHjCOOH + C,H,OH =CH,COOC,H, + H,0 /j 
CH,CCXJH + C;H,0H = C,H 5 C00CHj + H ! 0 /j 
CHjCOOH + HO = CHjCOO + H.O /J. 
CHjCOOCjH, + HjO = C ; H,COOH + C,H,OH /, 







vij'jj-fe jy-l-ow 


x/ " x < 0 

OH 

^illJj-A Jjl-2-o^>. \/ 


CHj-CHj-OH 


CH,-CH,-CH,-C' 


SjjLl 




JArt^VAl \A ( 
A* 


CH)-CH,-CHjCOO 

CH,-COO-CH,-CH, 


H-COO-CH,CH, -CH, 




0> 0,33mol 3 ^«033mol o* ui j* 03^ o 

.«u 0,67mol 3 >-Vi ^ 0,67mol 3 


„ J *\ . ItUili . 1 «mSJi J ,>• 


1 

4*m> ^ ja .>J jiia Lbji ( j) ui .(£) -M •(>) iiuiii# i*-S# ^Vtua ^ 

. 0 ^oi^J*C,H s -COOCH,«a^ojCtf^>~Sn4. s aiJi>„Sfi a 

(•>)i(E)iiAuli jxiijiiU^uasij.CHj -COOCjH, J 

•»*J JcUi 1> *A» JiUi »M->) Jilia if 


3 (jijfliJI 

.^lUllJsu^liUi 


\/\^ 0 


CHj-CHOH-CH, 


\/\^ 0 


CH, -COO-CH; -CH, 7. 


Jwjjfli-ajJA* 


2 5^1 



. [>*■ y.ui]. 



■ k = Q„, = 2.25 |k = Q,^- i »| 


jbVV) 03o\> (SU)Vftj 


w 



/0 -H 


. >»» »«i-> J!«j 


Ji H J>i3 »!Li!^»jUJ.W5j4^iii C Ip j!= o* .la,1jj 3 ill-ill C ijjj • 

O-H 

CHj-C. 


-C-OH ^ Wi>» *4 U 

. ^ ^ >*>• C Ijj UW v9- J w 






JaJI 

•jai» -<jiiar oj j j* "8 <> J* «*-u •>-• w» E j» /V 1 

>-Sij.Jj»£=UAj»i.E>-bna»U4i. v il.o<^i | (B)3 (A)o>*sV^siioto»i»/^ 



-d^j HO-CH.C.H, , j^ojtj-a 

C,H S -CH, -OH JjsJ* Jc J-~i 


CH, -COOHy&^Ji Jc J—tf J!-*-* 

M(Jj=s ) jj»su»<ijiuus»o | vi-»-os^^»^ 

C.H, -CH, -OH v lj8iJj=aj* A^iU^S*^ • 
CH,COOH tf L-i.^ J s«ja»-»3« • 



{y>u o' i-^'s iiu- ^ 1-LAj .U)I J J~s* 0*4- 'j! tf =0,67 jcj-»»i>ilVi/v 

^0,50mol j Jj-£»o* 0,20mol &JS u» jSJ juifti 

t, seO,674 5 ull)^.V } UJdC^3Ui. J! =.(B) u i««)l 




(033+l)x(U3 


JcUSJlolvJ-rf ^ Q,j < k J u, I 

•«Ulj >-*< >. JSJ ftJlli iu^» feljj gijU Qlj .>■* %AU! ftbSI $ >0 v~S*Ji *UjVl 1 

fjicji jjo>- /3 
X / iWj^fjao)iJ5a ? . v lW ^ 

s ^*fejuO ( > M j + (^jSnjjjrfa = + *u> 

*?“* l,33mol 0,33mol 0,67mol 0,67mol 


133-x / 

7 +V 


0,33-1 


0,67 


(l,33-x / KOJ3-x / ) 


= 4 ^ k = 4o>|J»i3 



(l33-x;X0^3-> 
9x' / -24x / + 

A = (-24)' -4<9)(4) ,> 


Va = 20,78 Jl A = 43 

|x y =0478mol] o4 J*»* **3 • * / = — j 

E 3>ll v ll«i»,*6.>ll/S ’ 

n/,^, = l.33-0,178 = l.l5mol 

, =0,33 - 0,1 78 = 0,1 5mol j 

n /(>l , = 0,67 - 0,1 78 = 0, 848mol : 

n /( ^ = 0.67 -0,1 78 = 0,848mol 

5 (jijofil 


d43*J) Jo-** 3»3 ■ E 

,CH,COOCH,C t H,^E^ 




er'A' 

I * 

( ^ jS) hlAi-’jtil *'-J jjj! 1 

J£A - |_j ji-lAi-li ij jjll * ■ rtfr I 

ii j^Jl ; (,^j j*m — *J—S) J I 

ii^i . (IAS , 3AS) <]\ 

jj A - - PC) 1 Q ,j- I 

( i_kl jjl _fjjJ ) jl j <u'H jjfcll r- 1 -• j I 

^ jl:iJi SJL* - ^jUII <+-!' - *L >11 - J I 

a ij . I-» i\Hj ^ i C II • 

The Power House of ihe alom (Gladkov) Mir L 
Chemistry for changing, times (John, Mill I I 


a , ..n jaMj wla^JI * 

Ondes, optique et physique modeme ( I SAI I .tt>A.Y ) Editions du nouveau p^dagogtque ; I 

Meeaniqut general (Tl. I 2) i (Alonso Finn) ■ - 
Chitnie (T.S + l re S) : NATE I AN <l3 
Haehette (TS + ]-) <4 
Physique Chimic (P. closier) : (Silipfies :> 
Annabac |im 2«0l ) Sujel : Ihiiicr <U 
S. Bae (T.S) (Serverinc) J Braal <]7 


(0,324 + \ f )( 0,024 + Jty ) 
4(0,324 + x f )( 0,024 + x , ) = (0,1 76 — x , )(0,2 - x , ) 
4(7,776.10 * + 0,348 5 + xv) = 0,0352+ xv - 0,376x .) 

0.031 -0,035 + 3x-/+ 1, 76Sx, =0 
3x> +i,76Kx / -0,004 = 0 

1 ' I If !■ 1,1 

= E,78 iA = (U768) 2 -4(3)(-0,004) 

, . In -3 ♦ - 1,768 + 1,78 

■J^i*X^=2.l0 mol X r , . = "u! 

2(3) 

n -1,768-1,78 _ 

< 0 K if ~ * < 0 3 1 

x , —2,(0 mol 

1 >Uc >U >i£ 3 i -V^li w nj| . :1 

* m _ =n = 0,326 k 6(1 = 1 9,56g 

11^=0.324 + 2.10 ’ =0,32611101 
■ =Hj^ M i' ] ~ 0,028x1 08= 3 + 024g 
n^ = 0,024 + 2. 1 0 s = 0,028mo! 
=n ^ ,M(J3J ) = 0J98 * 1*$D = 29,7g 
n^j =0,2-2,10 J = 0j98mol 
1 0 1 = 0,1 74 mol . = n^Mt = 0,1 74 x 1 8 = 3.1 32g 

M(^) = M(H : 0) = l8g/mol 
MO-' ) = M^CHjCOOCH ,C 4 i Hj) + 1 50y / mol 
Mi = M(CJ f jCOOl I) = 60g/ mol 

M( J ) = M(CJ l ? CH>OH) = L(%/mol 


Vu jj jUj 2 s 1 isJO^aS r^A HilLg gi jjglks ffijtffllmi 


H-Jl J,J>y I) i jiJ OljljS**# Li. J,jU 

Al*J S^jl ~tji >*1 : 2 i*>J* 
(R.L,C)«Aj«“ij“»-l 

j-jJI 

(R.L.CVjU*-^ j>i 
V>J» oijiJMi* : J !j»jIi 
„ a» yijai sj-“ .Mjijirti -i 

(R.L.C) ***#J*SI1 SjUU ijj-ill OIJ>m -2 


sj-a ^iji>vw»- 

jL^WjAlfb : ^JUI 



Ji vSjS c J 4 -2 



